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PHILOS OPHICAL 
TRANSACTIONS. 


I. The greateſt Effet? of Engines with uni- 
formly accelerated Motions confidered. By 
Francis Blake, E; F. R. S. 
Read June 24, 
1756. 


N maximum of Engines, 
Ss: greateſt effect poſſible in 
any given time, have ſuppoſed the working parts of 
the machine to retain their direction, and be uni- 
formly moved by the force of a current. They 
have therefore conſidered only the caſe of an uniform 
Rotation, as in the action of grinding; where the 
impediments and impulſes being brought to a ba- 
lance, the impulſes are but ſufficient to prevent a 
decay in the generated motion. And, upon that 

view of the Problem, the load of an Engine, when 


* The diſtance of time betwixt the reading of this paper, and 
its now appearing in the Tranſactions, was owing to the abſence 
of the author, and his deſire to reconſider it before it went to 
the preſs. | 


VOI. LI. B the 


' 
bl 
| 
JF 
| 


to a computation of their effects. 


[2] 


the effect is a maximum, and the force a current, 


is determined by computation to be four ninths of 
the weight which would cauſe the Engine to reſt. 
This, then, being ſuited only to an uniform velocity 
both in the lever and obſtacle, I would conſider the 
caſe of an uniformly accelerated one in repeated vi- 
brations. The maximum which correſponds to it is 
adapted to the fteam-engine, and of no leſs import- 
ance to be determined than the other. And, no 
doubt, theſe ſ ve inquiries into mechanical ſub- 
jets, were they even barely conſidered as our guides 
in experiment, may appear to deſerve the attention 
of the Society. But indeed, and I ingenuouſly con- 
feſs it, an opportunity to make ſome remarks upon 
what I formerly laid before you, concerning the 
proportion of the cylinders, was a further induce- 
ment to the preſent reſearch. 


A general expreſſion for the time of a ſtroke in 
ſuch vibratory Engines, will lead us without trouble 


A a = 8 D 
iin ĩ˙ ·ꝛ Tr en a edn 7 


Let AD be a lever, whoſe Brachia are @ and 6, 


and ſuppoſed without weight. Let m be a Power, 


and n a weight. Then a:b:in:=, the balance 


for 2 at A, and 1 — is the effective force at A, 
which multiplied by the lever @ gives ma — 16 for 


the efficaciouſneſs of that force in the angular ve- 


locity of the Power and weight. Now, by the prin- 
ciples of Mechanics, the Inertia of any bodies re- 
volving 


31 
volving about a Center is as the quantities of matter 
into the ſquares of the Brachia; and in the preſent 
caſe, therefore, the whole Inertia of m and is as 
ma* + nb*, Hence then, and becauſe the velocity 
generated in a given particle of time is as the Force 
directly and Inertia inverſely, we ha FT = as 
the accelerating force, or the meaſure of the angular 
velocity of the Power and weight at the end of the 
ſaid given particle of time. And I uſe the angular 
velocity, becauſe the arbitrary proportions in the 
lengths of the Brachia which may form an Equili- 
brium will not alter the expreſſion. But again, the 
times of deſcent by means of uniform forces, thro 
a given ſpace, are inverſely as the ſquare roots of the 
accelerating forces, or meaſures of the velocities ge- 
nerated in a given particle of time; and therefore 


=== is a general expreſſion for the time of a 
ſtroke. This being had, the ſolution is eaſy ; for, 
ſuppoſing only to be variable, ſay as F SE. 


ma — nb 


G4 ma — nb 
:: I, a conſtant or given time: 7 7 - 


* | a* + 15 
the effect in time 1, ex bypoth. the greateſt effect 
which can poſſibly be produced in the faid given 
time. Taking, then, as uſual, the Fluxion equal o, 


we have, after a proper reduction, 2 a m* — 3 a* mnb 


+ ann. — 216 = 0, and 2 = — Tj . 


Therefore, in theſe forts of En- 


gines, when the Brachia are given, the weight : 
B 2 Power 


| 46 | 4 6* 
the Brachia are equal, 1. e. if a = b, the weight: 
power :: V — x : 1, vig. o, 618 : 1 nearly when 
the effect is a maximum. And ſo, in like manner, 
when 5, m and n are given, and 4 is made variable, 
it is eaſy to ſee that, inſtead of the load, the beſt 
diſtance of the power from the fulcrum of the lever 
will be the refult of the proceſs; wiz. 4: b:: 1 
vn + mn: m. But, this by the way. 
In the proportion here determined, the power n 
is a mag, and therefore ma — b, which is the 
generating force, being partly employed to overcome 
the Inertia of the quaritity of chncter m, it is not 
wholly taken up in giving motion to the weight u; 
and the relative velocity is continually decreafing. 
But, on the other hand, if m be the force of a ſpring, 
as is that of our atmoſ or if n can be uni- 
formly accelerated any Kc in repeated vibrations, 
that there may be no ſenſible diminution of the rela- 
tive velocity, the whole will be exerted on the 
weight to be raiſed; 7. e. the tenſion of the rope or 
chain, by which the power is confined to a& on the 
weight, will always be the ſame as tho' the Beam 
were at reſt; and then, by expunging ma* out of 
the expreſſion for the greateſt effect, u 7 155 T 2 
becomes evidently enlarged to 7 7 — 3 


conſequences are theſe. 1ft, The greateſt effect of 
this engine when m is a ſpring, will always exceed 
the cotemporary effect where n is a weight. 2dly, 
The proportion of the Power and weight will then 

| be 


1 

be n: ::: 23, as appears by taking the fluxion 
of 1 3 and reducing the equation in 
the manner above. Whence the load to be raifed 
for the greateſt effect of a ſteam- engine, if the Inertia 
of the materials its working parts be 
out of the queſtion, will be juſt half of what is ſuf- 


ficient to balance the atmoſphere, whether the Bra- 
chia of the lever be equal or not. 


Permit me now to trouble you with two of three 
remarks on what I formerly laid before you concern- 


ing the proportion of the cylinders. And, 1ſt, in all 


values of the Brachia, with regard to their lengths, 
for 


ma* = 
and all values of , the expreſſion SEES 
the time of a ſtroke, when m is a weight, is the ge- 
neral expreſſion to be uſed for the time. 2dly, m 


being conſidered as a fpring, the time of a ſtroke 


is as F 2 — ; and then if, according to what I 


have there directed, @a be taken variable, and the 
reciprocal of a, the advantages to be gained by the 
breadth of the cylinder can only ariſe from a diminu- 
tion of friction, and from the matter in the Beam; 


8 
for, the expreſſion 7 - becomes conſtant, and 
ma — nb 


thence the ſtrokes are ifochronal. I might, further- 
more, proceed to examine into theſe advantages, more 
explicitly than is there done, upon the principles laid 
down, when m is a weight. But many particulars 
(ſuch as the form of the Brachia and various appen- 
dages, with their quantities of matter and centers of 


gyration ) 


FFI 

tion) being wanting to perfect the Theory of the 

— 009 I ſhall drop the inquiry when I have 
made only one remark more. It is this. The ſhort- 


neſs of the Brachia diminiſhes the refiſtance of the 
Engine to motion ; and, therefore, the inequality 
which I propoſed in them was in part to avail myſelf 
of that obvious advantage, without incurring the in- 
convenience of enlarging the pump-bores. I fay 
it is an obvious advantage ; for, the matter in the 
Brachia, that the Equilibrium may be preſerved, be- 
ing inverſely as their lengths, and the reſiſtance to 
motion in the direct ratio of the ſquares of thoſe 
lengths, the reſiſtance of the longer arm is to that 
of the ſhorter as the lengths of them directly. 


Queen-ſquare, Weſtminſter, (© 
June 22, 1756, 
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Now 


cent. But if you take only the five thriving oaks, 


122 
Now as the twelve trees above, contained 2 13 cubic 
feet 300 inches of timber in ſpring 1743, and have 


increaſed to 322 cubic feet 333 inches in autumn 


1758; that is, 109 cubic feet 33 inches in 16 years 


growth ; if all the trees were of the ſame kind, 109 
feet pays 3 per cent. for ſtanding: and the fix oaks 

near the ſame intereſt, although one of them, 
Ne 2. appeared paſt thriving in 1743 ; for the in- 
creaſe of the fix oaks is from 112 feet 1 quarter 171 
inches of timber, to 167 feet 138 inches, i. e. 54 
feet 2 quarters 399 inches; which is above 3 per 


then their content is, from 57 feet 3 quarters 267 
inches, to 103 feet 2 quarters 58 inches; i. e. 45 feet 
2 quarters 223 inches of timber; or near 5 per cent. 


And the increaſe of the moſt thriving oak, Ne 8. 


appears, by the above table, to pay above 12 + per 
cent. and he Scotch fir, No 9. being under 2 feet 
and half of timber in ſpring 1743, and 10 feet in 
autumn 1758, pays above 18 4 per cent. Beſides it 
ſhould be confidered, altho' I meaſured the largeſt 
and moſt thriving oak and Scotch fir in 1743, yet 
ſeveral others of the fame age, both oaks and Scotch 
firs, have greatly exceeded the meaſured trees for 
many years paſt ; e. g. the oak Nꝰ 11. appears by 
the table two feet 8 inches 2-$ths in circumference 
and another juſt by it is 2 feet 11 inches 6-Sths; and 
an oak tranſplanted from this grove, is 3 feet 9 inches 
$5-8ths round; yet this laſt tree was conſiderably leſs 


than the firſt when removed, and not planted in a 


better ſoil, and yet is 1 foot 1 inch 3-8ths larger than 
the original tree. The firſt contains 4, feet 1 quarter 
326 inches, and has gained 2 feet 3 quarters 220 

inches 


” +74 
+3 0,90 © a 
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inches in fixteen years: the laſt contains 8 feet 3 
quarters 68 inches; and, ſuppoſing them equal in 
1743, gains 7 feet 384 inches; 7. e. above 2 + the 
increaſe of the firſt tree. But notwithſtanding the 
tranſplanted oak is thus much larger than the origi- 
nal oaks in the grove, yet as the tranſplanted tree 
does not run half the height of the trees in the grove 
before it heads, they differ but little in their quantity 
of timber. 

The following table ſhews the monthly increaſe of 
trees in the years 1757 and 1758. As I endeavoured 
to take the meaſures with as much exactneſs as was 
in my power, [I cut three, four, or more notches in 
the bark of each tree, that my line might always be 
confined exactly to the ſame place. I obferved, if I 
meaſured ſoon after a rain, whilſt the bark was ſatu- 
rate with water, the tree would be ; of an inch larger 
than after a day or two of dry weather. I may here 
add, that all the meaſures of circumferences of trees 
are taken at 5 feet from the earth: and conſequently 
the ſolid meaſures muſt include 10 feet in length. I 
generally made uſe of Keay's Tables in the folid mea- 
ſures, which go no lower than quarters of inches in 
girts: which is not ſo exact as it ought to be. 
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other aquatics, would be very profitable to the planter. The 


1121 
The great Lord Bacon fays, ** the improvement of the ground 
« is the moſt natural way of obtaining riches.” What great 


_ fortunes might be raiſed, by thoſe that have property, in the 


vaſt heaths and downs, or fields of poor land, in this king- 
dom, by planting parts of them ? which would alſo add great 
beauty to the country, and render the dwelling much more 
comfortable to the neighbourhood, by the ſhade in ſummer, and 
warmth in winter. Some parts of theſe great waſtes would pro- 
duce good oak; and where the ſoil is moiſt, poplar, alder, and 


chalky ſoil ſeems the leaſt promiſing z yet beeches ſometimes 
thrive well upon it. The fir kind, eſpecially the Scotch fir, 
will grow ſurpriſingly upon poor ſandy land; but woods of 
fir ſhould be guarded with an out-line of birch and beech, to 
break the force of ſtrong winds. Birch, being the quickeſt 
grower, will beſt protect the young fir; but as birch, after a 
few years, is eaſily blown down, ſo beech will be wanted to 
defend the firs as they become large: for I have ſeen broad 
glades made by the wind through great woods of fir in Swit- 
zerland : which, perhaps, might have been prevented, at leaſt 
in part, by an out-line of beech. | 

I know ſome think, that poor land cannot produce large 
trees; yet the oak at Northall in Hertfordſhire, whoſe beauti- 
ful head ſpreads a circle of above 40 yards diameter, ſtands on 
a dry and deep fand ; and the fine cheſnuts and beeches by 
Mr. Naylor's grand caſtle of Herſt Monceux in Suſſex, grow 
in a light ſandy ſoil: and I have found, by experience, the 
Weymouth, Scotch, ſpruce, and filver firs, which I planted in a 
poor ſandy foil, are larger and finer trees, than others ſet at the 
ſame time in much better land, Perhaps it may require a rich 
clay to produce ſuch trees as the noble gwove of oak in the Earl 
of Powis's park by Ludlow, or Lord Ducie's vaſt cheſnut at 
Tortworth, in Glouceſterſhire, which I meaſured 46 feet in 
circumference at near 6 feet from the ground. 

Although theſe ſlight obſervations are not ſo deſerving the 
attention of the Royal Society as I could wiſh ; yet they may 
poſſibly be the means of producing better; and for my own 


part, I ſhall always eſteem it a great honour that they were 
communicated by Dr. Hales. 


Stratton, Dec. 18, 1758. R. Marſham. 
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Hl. An Account of ſome Antiquities found 
in Cornwall: In a Letter from the Rev. 
William Borlaſe, M. A. F. R. S. to the 


Rev. Charles Lyttelton, L. L. D. Dean 
F Exeter. 


Rev. Sir, Ludgvan, Dec. 4. 1758. 


S I know the pleaſure, which every 
75% branch of ancient literature gives 
you, I ſhould not excuſe myſelf, if I did not com- 
municate to you a late diſcovery of Roman antiqui- 
ties in theſe weſternmoſt parts of Britain. 

In the year 1756 a farmer at Boſſens, in the pariſh 
of St. Erth, driving his oxen from the field, per- 
ceived the foot of one of them to fink a little deeper 
than ordinary into the earth at A, fig. 8. (See Tas. I.) 
Curioſity, and the hopes of treafure, led him ſoon 
after to ſearch the place; where was ſoon diſcovered 
a perpendicular pit, circular, of two feet and half di- 
ameter. Digging to the depth of 18 feet, there was 
found a Roman patera (fig. 1. & 2.) : about 6 feet 
deeper, the jug, fig. 3: near by, among the rubbiſh, 
the ſtone, fiz. 4; a ſmall millſtone, about 18 inches. 
diameter : then another patera, with two handles, in 
other particulars of the ſhape and fize as fg. 2. but 
unfortunately miſlaid, and not now to be found. 
Intermixed with theſe were found fragments of horns, 
bones of ſeveral ſizes, half-burnt ſticks, and many 
pieces of leather, ſeemingly ſhreds of worn-out ſhoes. 


Having ſunk to the depth of 36 feet, they found the 
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[ 14 ] 
bottom of the pit concave, like that of a diſh or 
bowl. There was a ſenſible moiſture, and moſtly 
wet clay, in all parts of the pit. On each fide there 
were holes at due diſtances, capable of admitting a 
human foot, by which perſons might deſcend and 
aſcend. There is no doubt but this work muſt have 
been intended for a well: but a pit fo deep, and of 
juch narrow dimenſions, muſt have been thro” 
a ſtony ground with much difficulty, and with tools 
very difterent from thoſe now in uſe. 

Coming to the ſpot on the 22d of May laſt with 
Henry Davies, Eſq; proprietor of the land, who firſt | 
favoured me with the notice of this diſcovery, I 
found, on the higher part of the tenement, in a field 
called the Rounds, the remains of a fort : the length 
of it, bearing nearly north and ſouth, was 1 52 feet; 
the breadth, from eaſt to weſt, about- 136 feet. The 
foſs on the outſide is ſtill diſcoverable ; the walls 
diſmantled, but ſufficient remains to ſhew, that the 
work was rectilinear, with the angles rounded off; 
a manner of fortifying, which the Romans were ge- 
nerally fond of, as may be ſeen by their ſtations per 
lineam valli (Horſley Britannia Romana, p. 113, and 
many other places). At the north corner, B, there 
was an additional building, projecting outwards be- 
yond the rampart, about 30 feet long, not quite ſo 
wide: at the ſouth angle at D there are the ſigns of 
a building of like kind : theſe were the proceſtria of 
the fort. The ſhape and fize of the work, as it 
ſtands at preſent, may be ſeen in the drawings an- 
nexed, fig. 8. 
Upon examining the rubbiſh near the pit, I found 
the cut ſtone, fig. 5. part of a large ſtone vaſe, and 

part 


L is ] 
part of an earthen ſepulchral urn: I found alſo ſome 
fragments of leather : all which, with what was 
found before, and brought me, I ſhall beg leave to 
deſcribe, with a few obſervations. 

Fig. 1. and 2. are two views of the patera: it was 
made of tin, the 2oth of an inch thick, four inches 
and a half wide at the brim, but growing narrower 
downwards, was at the bottom, which was flat, two 
inches and a half in diameter. The bottom. of the 
infide is repreſented, fig. 1. in its real ſize. Fig. 2. is 
the fide of the ſame patera, by the ſcale annexed. 
The Roman patera was not always of the ſame di- 
menfions. When it was of the larger fize, its uſe is 
well known to have been for receiving the blood of 
the victim, or to be carried before the prieſts with 
other offerings ; but when of ſmaller dimenſions (as 


tis 1s), either to offer libations of water, oil, or 


wine, on the altar (whence on medals the hand fo 
often ſtretched out, holding the patera towards the 
altar), or to participate the rites of ſacrifice by drink- 
ing. This patera had no anſa, or handle; tho' that 
which 1s loſt, and has been mentioned above, had 
one on each fide : and indeed thoſe found in England 
generally have. Mr. Addiſon obſerves [Travels, f 
his works, p. 115.], that it is not ſo common to find 
paterz with handles to them abroad; but that a pa- 
tera without a handle would be as fingular here in 
England} as one with it at Rome: and Mr. Horſley, 
(p. 191), that all paterz, which he had ſeen upon any 
altars in Britain, had handles, tho' of different ſizes 
and. ſhapes : but it may be obſerved, that the five 
pateræ, which I have feen found in Cornwall, never 
had any, and are therefore the more remarkable. It 
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is more rare till to find theſe ſeemingly trifling cups 


and diſhes inſcribed to a particular deity ; but moſt 
uncommon to, ſee them diſtinguiſhed by the names 
of the donor and his father, as well as the name of 
the deity to which they were dedicated. This patera, 
found at Boſſens, about three miles north-eaſt of St. 
Michael's Mount, is a ſingular inſtance of the latter 
uſage, and has the following inſcription engraved on 
its bottom, in ſhape, and fize, and circular line, as 
in fig. 1. 


A Mody/Ty/ dard F Ano marr 


Which I read thus, till better information. Livius 
Modeſtus Driuli (or Dauiuli) f. (for filius) Deo 
Marti. 5 
The two firſt words are very plain (tho, like the 
whole, a mixture of Greek and Roman characters), 
and not rare in Roman hiſtory. Livius is too well 
known to need any comment; and as it is well 
known, that the virtues oftentimes gave names to 
perſons, it 1s as certain, that modeſty among the 
reſt had that privilege. Sometimes the perſon, who 
had this name, was called Verecundus | Diis Manibus 
Verecundi, in a Roman monument at Skirway in 
Scotland; Horſley, 199: and the ſame name is to be 
traced in another monument, Bid. Plate 64. No. X. 
Here it is Modeſtus, of which we have alſo inſtances, 
as Publius AÆlius Modeſtus Præfectus, who dedicated 
an altar to Hercules, Bid. Pl. 16. N?. XLI.; and 


Caius Murrius Modeſtus miles in Somerſetſhire, Bid. 
Pl. 71. Ne. II. | 
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The letters in general of this inſcription are badly 
ſhaped; but in the third word particularly the cha- 
racters are more perplexed than in the reſt. The firſt 
letter is the Grecian ſmall delta; the ſecond I take to 
be the little ro of the Greeks reverſed (vi. with the 
long ſtroke on the right, inſtead of its being as uſual 
on the left hand): the other letters are more truly 
delineated, tho' ſomewhat crowded : fo that I take 
this word to be Driuli, a name, which I do not re- 
collect to have met with before: but if the ſecond 
letter ſhall appear to the learned to be more likely 
intended for the Greek character a, or ov, this word 
will then be Douiuli, or Duilii, a name very ho- 
nourable among the Romans. F ſtands for filius, 
as uſual; and the two laſt words are beyond doubt 
Deo Marti. The language is Roman; but the a, 
9, A, (which in the words Modeſtus and Deo is 
uſed for the Latin e), and the ro, or 9, are proper to 
the Grecian alphabet. The R in Marti is ſingular, 
intended for P, the Greek capital Ro; but inſtead of 
the ſemicircular part joined to the upright, thro' the 
incorrectneſs of the engraver, it has a demi-hexagon, 
like a canopy, over the upright line. The o is 
oval, not round as with the Latins; and the A has 
no tranſverſe ſtroke. The other letters are common 
to the Greeks and Romans. 
That this Latin inſcription ſhould have ſo much of 
the Greek character is remarkable. It is well known, 
that the Druids uſed the Greek letters. Whether the 
perſon, who conſecrated this patera to Mars, might 
intruſt the. engraving to one of the Druid ſect, or 
whether the engraver was one of the auxiliary co- 
Horts and natives of Greece, as the Thracian and 
Vor. LI. D Dalmatian 
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161 
Dalmatian korke (for fuch we certaioly bad in Britain), 
it is in vain to. inquire z, 1 
tures is improbable. There are, I think, but two 
inſcriptions in. the Greek language as. yes found in 
Britain; but in. the Latin language this ſeems to me: 
the only one as yet diſoouered in the iſland written i in 
Greek characters. 

Fig. 3. is a jug or jar (of tin alſo) containing four 
quarts one pint and Hr quartern,. wine meaſure: 
its weight 7 15 9.7 0. It is the prefeciulum of an- 
s, a veſſel uſed to bring the holy water, or 
ather ſacred. liquor,. to- the altar. It feems to have 
had: that name from its being carried in procefiion. 
before the prieſts in a kind of allow baſon (which. 
Feſtus chuſes rather. to call the um, as ſee 
Montfaucon de paterit, tom. ii.), in much the ſame 
manner as the baſon and ewer were formerly uſcd. 
among us. 

Fig. 4. & 5. are of ſtone. The firſt and: largeſt 
weighs 14 i 102. (avoirdupois) and 11 df. amount- 
ing, if Lmiſtake not, to 18 15 Roman and 337 grains. 
The ſecond and ſmaller ſtone weighs 4 ib 102. (avoir- 
dupois) and 7 dwts.. or: 5 i 4 Roman and: 95 grains, 
By. the holes theſe ſtones N near the top, they 
were probably deſigned as weights, whereby proviſions 
were bought for, and afterwards ſhared among, the 
ſoldiers of the fort. 

The ancients ſometimes made their weights of 
ſtone; and of different ſhapes, round, re&angular,. 
and conical: ſometimes. were of marble; as 
thoſe exhibited by Gruter, p. 221, 222. (as Kemp 
quotes him), and that in the Monumenta Kempiana, 
P. 152. and in other: repoſitories. Theſe here are 


„„ 


191 
both of the dove-coloured Corniſh granite, diſcoloured 
as it ſeems by fire. But the ancients ſeem not to 
have made their weights of ſtone by choice, but for 
want of metal; for they could not be ignorant, that 
lead, braſs, or iron, was more compact, ponderous, 
and durable ; and that ſtone was liable to become 
heavier, by aſſuming into its ſabſtance the moiſture 
and weight of adjacent bodies, and on the other 
hand to be corroded, and become more porous and 
lighter, by means of any penetrating acid, or heat 
or drought ; and fo either exceed or fall ſhort of the 
intended ſtandard, Theſe inconveniences of ſtone 


weights the ancients, I ſay, could not but foreſee; 
they are alterations which the materials could hardly 
eſcape : and therefore I conjecture, that the weights 
before us have varied: they both exceed the number 
of Roman pounds, which they were probably at firſt 
adjuſted to. The great weight indeed has been in- 
creaſed but a ſmall matter, viz. 337 grains more than 
18 pounds; the ſmall one more in proportion, v/z. 
1406 grains more than 5 pounds, i. e. above a quarter 
of a pound: nor is it to be wondered at, that, tho 
both of the ſame fort of ſtone, they ſhould have 


acquired different quantities of weight ; for the addi- 
tion muſt have been according to the nature of the 


rabbiſh in which __ have lis If there were = 
metallic ores (iron, for inſtance, copper, or tin) or 
impregnated waters, in the rubbiſh, where theſe 
ſtones were depoſited, then the addition would be 
great, . 
that of common moiſture or earth. 
F. 6. is part of a vaſe or bowl, ſometimes made 
of braſs, or richer metal, but here of ſtone, This, 


I ap- 


D 2 


ment, and muſt be abſolutely neceſſary 


| patched, and coarſely ſewn together; but one piece, 


1 20 ] 
1 apprehend, is what Feſtus calls the iculum 
f Prefericulum, inquit Fr/ius, vas æneum, fine anſd, 


Appelli tum patens ſummum, ut pelvis, quo ad facrificia 


atebantur in Sacrario. Montfaucon, tom. ii. p. 142.) 
and by its gradually increaſing thickneſs towards the 
bottom, appears to have been of like deſign with 
that exhibited in the Antiquities of Cornwall, plate 
xxi. fig. 5. p. 274. This vaſe was of curious grey 
granite, formed by turning, well poliſhed within, 
fomewhat diſcoloured without, as if it had ſuffered 
_. 4 = 
27 he ſmall millſtone, by the ſmoothneſs of one 
fide, ſhews that it had been much uſed; and was 
ſuch, without any material difference, as is now uſed 
in the iſlands of Scilly (and elſewhere) for hand- 
mills to grind corn in times of fiege and confine- 
in all forts. 
'The bones and horns may be ſuppoſed to have 


| belonged to animals, either facrificed, or killed for 


the ſuſtenance of the garriſon : the aſhes, and half- 
burnt ſticks, are the remains of ſacred or euli | 
fires. The fragments of leather are for the moſt part 


which I found more intire, may contribute perhaps 
to ſhew us the ſhape of the Roman calceus of thoſe 
times; and may be ſeen fig. 7. by the fame ſcale 
with the reſt. Some bits of leather were alſo pierced 
with circular holes; but whether parts of the calceus, 
cothurnus, or any border for the habit, armour, or 
vehicle of the officers, enough does not remain to 
decide. ia 2 

I ſhall make no other reflection at prefent on theſe 
antiquities, than that the inſcription is the firſt _ 

| ver 


Y 


ad 


21 
vered in this county of ſuch high antiquity ; and will 
fatisfy the learned, . that the Romans had penetrated 
into the weſternmoſt parts of Cornwall before the 
empire became Chriſtian : that the ſacrifical veſſels, 
the pateræ, and præfericulum, are of tin, the natural 
product of Cornwall: the vaſe, the weights, the 
millſtone, are alſo of Corniſh granite : and by the 
walls, the religious utenſils, the weights, the quantity 
of ſhoes, bones, horns, vaſes, urn, and aſhes, this fort 
appears to have been that of a fixed garriſon, not a 
temporary occaſional fortification : that by the ſhape 
of this fort, and the antiquities diſcovered in it, it 
was a Roman fort. 
I remain, 


| SIR, 
| Your moſt obedient Servant, 


William Borlaſe. 


"0 g—_Y 


* 
* 
— — — 
| —r5ði.bůĩ—X———ů— — _ 
* 


IV. A new improved Silk- Reel. By tbe 
Rev. Samuel Pullein, M. A. 


Read Feb. 1, HE following paper, it is hoped, 
PRs. © will help to promote the culture 
of filk in our American colonies, and to bring it to 
that perfection, which at preſent is ſcarce found in 
any country but Piedmont. 

When filk is reeled from the cocoons, the thread 
is ſmeared with the natural gum of the filk ſoftened 
by the heat of the water out of waich it 1; * 
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If the ſeveral rounds of this thread, as it falls on 
the reel, touch one another in their whole extent, it 
is then ſo glued together, as to be intirely uſeleſs for 
any perfection of manufacture, it being impoſſible 
to wind it off without tearing and breaking. This 
fault in the filk countries goes under the technical 
name of the Vitrage; and there are many degrees of 
it, according to the cauſe by which it is produced. 
From the introduction of filk into Europe to this 
day, the preventing of the Vitrage has employed 
ſome of the moſt knowing men in the countries 
where filk is produced. 
Io change the poſition of the ſilk thread, that it 
might not always fall on the fame port of the reel, 
the guideſtick was introduced. This received a 
progreſſive and ve motion, by means of two 
wheels, the one fixed to the axle of the reel, and 
communicating its motion to the other by means of 
a band. To make theſe wheels perfect, certain deter- 
mined and preciſe proportions are to be obſerved in 
the diameters of their grooves, otherways, notwith- 
ſtanding the motion of the guideſtick, there may be 
2 total Vitrage of the whole hank of filk ; and, even 
when the proportion of the wheels is perfect, there 
may be reckoned up thirteen or fourteen accidents, 
any of which happening will cauſe a Yup : but 
tho'-thefe inconveniencies attend all thoſe reels which 
uſe a band, yet, becauſe the ordinary ſort of them 
are eaſily made, they are ſtill uſed by the common 
people in moſt filk countries. | 
No nation has brought its filk to a greater perfec- 
tion than the Piedmonteſe : but it was only by flow 
degrees, and in a long tract of time, that my 
riv 
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rived at this. They firſt ſuppreſſed the old method 
of reeling the filk over a bobin, which was found to 
give it a flat form ; and they ſubſtituted in its ſtead 
that excellent method. of the croiſſure, which ren- 
ders it round and compact. They then applied 
themſelves to correct the imperfections of the guide-- 
ſtick, and to eſtabliſh proper proportions between: 
the wheels which gave it motion : but, notwith- 
ſtanding theſe and other improvements, they ſtill: 
found, that, fo as theſe wheels were turned by 
means of a band, they could not arrive at the per- 
fection neceſſary to make filk fit for organeine or 
warp, becauſe the inaccurate motion of the band 
made the moſt juſt proportion which they could 
eſtabliſh between the wheels quite ineffectual, and 
conſtantly produced a Vitrage.. 
It was on this account that they totally ſuppreſſed. 
the uſage of the band, and ſubſtituted in its. ſtead 
four wheels with a determined number of teeth, 
whoſe revolutions, being uniform, gave the guideſtick:. 
a pr motion for preventing the Vitrage.. This, 
and ſome other regulations, are eſtabliſhed by laws, 
which are rigorouſly put in execution, left the com 
mon people ſhould-thro' indolence relapſe into their 
old cuſtoms.. By adhering to this reel, the Piedmon-- 
teſe are able to give that perfection to their raw ſilk, 
which fits it to be thrown into organcine or warp;. 
and to raiſe the value of each pound of filk reeled: 
in this manner to one third more than it would have 
if reeled otherways.. RT 
The French were defirous of making raw filk fir: 
for organcine or warp among themſelves, which hi- 
therto they have had from Piedmont. Whether they 
| thought. 


. 
thought the Piedmonteſe reel could not eaſily be 
brought into common uſe, or whether a little vanity 
hindered them from copying or improving the in- 
ventions of other nations, I will not determine. How- 
ever that be, they applied themſelves wholly to the 
improvement of the band. reel. | 

Two perſons, viz. M. St. Prieſt of Languedoc, 
and M. Vaucangon of the Academy of Sciences at 
Paris, have, within theſe three or four laſt years, 
brought the band-reel to the greateſt perfection of 
which it is capable. Either of their reels will make 
raw filk fit for organcine or warp, provided they are 
accurately made ; but a ſmall error in their con- 
ſtruction deſtroys their perfection. I have now in 
my poſſeſſion a reel made according to M. Vaucangon's 
a method; where I can ſhew, that in two wheels; 
whoſe diameters differ but inconſiderably, one 
ſhall reel the filk properly, and the other throw it 
into a total Vitrage. I have however given a de- | 
ſcription and plate of this reel, in a treatiſe on the ; 
culture of filk, which I publiſhed laſt year, becauſe 
its contrivance is more ſimple than that of M. St. 
Prieſt, and performs as well. 

The Piedmonteſe reel is free from the inconve- 
niencies of all thoſe reels which uſe a band: the 
maker cannot eafily err in the conſtruction; the wea- 
ther cannot affect its operation; nor is it ſubject, 
during its work, to the many irregularities of the 
band-reel. The chief objections which have hin- 
dered its being commonly uſed are, that four toothed 
wheels are more difficult to be made than two plain 
grooved ones; and that being made only of wood, ; 
they are eaſily broken. So that it is neceſſary to 

| 6 have ; 
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have a double ſet of them, in order to prevent thoſe 
delays which might happen by their breaking; be- 
cauſe any delay in the reeling of filk occaſions a con- 
fiderable detriment. 

Our happier conſtitution doth not admit ſuch 
rigorous laws as that of Piedmont. To make the 
common people adopt any new contrivance, they 
mult not only know that it is the beſt, but they muſt 
alſo feel that it can be eaſily practiſed. Thoſe who 
ſuperintend public filatures in our colonies may in- 
deed, for the preſent, keep their workmen to the 
Piedmonteſe reel ; but public filatures can no more 
ene large quantities of ſilk than public ſpinning- 
10uſes could produce the vaſt quantities of linen- 
yarn which are now raiſed from private family- 
wheels: And when the management of filk -worms 
becomes more common in our colomes, and people 
find that, by reeling their own cocoons, their profit 
will be nearly doubled, and this with much leſs 
labour than was uſed in rearing the worms; when 
this, I ſay, ſhall happen (and it is to be hoped it ſoon 
will), then the making of the Piedmonteſe reel more 
ſimple, and more familiar to the common people, 
will I believe appear a thing of conſiderable import- 
ance to our {ilk manufactures. | 

I ſome time ago turned my thoughts to the effect- 
ing of this; and ſhould before now have put them 
in execution, had I not diſtruſted my own abilities to 
perform a thing, which the Piedmonteſe themſelves 
had not attem ted. I have now conſtructed a reel, 
which, without any additional mechaniſm, performs 
the work of the Piedmonteſe reel, and uſes but two 


wheels with teeth inſtead of four wheels. It has 
Vor, LI. I been 


24 
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been examined by ſome gentlemen in the ſilk- trade, 


Who are well acquainted with the recls of that coun- 


try, and allowed to work with much more ſimplicity, 
and greater perfection. Nor can I account why this 
improvement was not before attempted, but from the 
ſtrong biaſs of habit confining the powers of inven- 
tion. 

Some advantages, which this reel ſeems to have above 
the preſent Piedmonteſe reel, are, 1ſt, that by a new 
proportion ſtruck between the wheels, the fiik thread 
will not be laid in the ſame place on the reel till after 
the winding of near fix hundred yards: by which 
means, the thread having time to dry, all Vitrage is. 
avoided ; whereas thoſe now uſed do not reel above 


an hundred and fifty yards till the thread 1s laid in 


the ſame place. 


2dly, 1 have added to this rec! an improved me- 
thod of making the double croiffure in as eaſy a 


manner as the Piedmonteſe now make the tingle 


one; the double croiflure giving a conſiderable per- 
fe tion to the filk above what it obtains from the 
ſingle one. 1 

As the limits to which I purpoſe confining this 
memoir will not allow of a more extended deſcrip- 
tion, which, to gentlemen not verſed in theſe matters, 
may already be thought too long, I ſhall avoid a 
greater treſpaſs on your attention, by a brief reference 
to the annexed figure [See Tas. II.], and to the 
model before you [See TAB. III.]. 


Tab, II. repreſents the preſent Piedmonteſe reel. 
The poſition of the four wheels is ſhewn at A, B, C, 
and D: the toothed wheel A is fixed upon the axle 
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of the reel; and, as the reel turns, it gives motion 
to the two wheels B and C, which are fixed upon 
one common arbre. The wheel C moves the wheel” 
D, which is placed horizontal ; and this, as it re- 
volves, makes the guideſtick E F play forward and 
backward in a groove made in the upright G, the 
guideſtick playing freely on a pin E fixed in this 
wheel. Two threads of filk, drawn from two par- 
cels of cocoons, which lie in the copper of hot 
water R, are paſſed thro the two loops of the ſtop- 
wires K and L: they then are twiſted round each 
other at M, which is the ſingle croiflure of the Pied- 
monteſe. At M they are again ſeparated, and paſs 
each through its own guide-wire at N and P; and 
from theſe they go to the reel, where, as the reel 
turns, the motion of the guideſtick continually varies 
their poſition, and hinders them to be laid on the 


fame place. 


The model before you, repreſented by Tab. III. ex- 
| hibits the new conſtruction which I have given to this 
reel. The two wheels C and D of Tab. II. are laid 
aſide as ſuperfluous : the arbre Q' paſſes thro' a nich in 
an upright ſupporter R, and, by a winch at its end A, 
gives motion to the guideſtick. The plane of its 
motion in the Piedmonteſe reel is horizontal, but 
here it is perpendicular. This perhaps made them 
think that the effect would not be the ſame; but it 
doth not cauſe any eſſential difference; and if it had, 
there was a moſt eaſy remedy for it. | 

Here therefore the expence and trouble of making 
and adjuſting two wheels and two ſets of teeth are 
ſaved, the hazard of breaking and going out of order 
lefſened, and the machine made more ſimple, and 
more familiar to the underſtanding, 
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guide-wires c c. Here it moves and plays freely. 
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As I intend, at a convenient time, to give a more 
ample account of the method in which ſilk is recled, 
and of the various attempts which have been made 
to improve the filk-reel, together with their ſucceſs, 
that perſons may not waſte their time upon fruitleſs 
experiments; and having hopes alfo that I ſhall be 
able to add ſome further improvements to it, of 
which J have not as yet had icifure to make trial; 
for theſe reafons I ſhall for the preſent take leave of 
this ſubject, at leaſt with this plcaſing thought, that 
the pains I have taken may poſſibiy hercafter pro- 
mote the induſtry and profit of ſuch poor families as 
are, in all countries, the ſupporters of the fiik ma- 
nufacture.. 


S2muel Pullein.. 


In Tab. III. fig. 1. at A is ſhewn the manner in 
which I have made a winch D, fixed in the arbre: 
QA, anſwer the fame purpoſe as the two wheels 
with teeth, which are uſed- in the Piedmonteſe reel ;, 
by which the mechaniſm is rendered more fimple, 
and the guideſtick F moved to the ſame advantage 
as with the wheels. 

At fig. 2. is ſhewn the double croiflure, made by 
means of the croſs B, which I ſhall call a ſwivel- 
croſs. It is made of very ſlight ſcantling, ſuch as. 
a common lath may afford. At 5h h are fixed two. 
little ivory or braſs wheels with ſmooth acute-angled 
grooves in them to receive the threads which come 
from the two ſtop-wires 6 b.. One end of the ſwivel. 
croſs K is ſomewhat broad, and reſts upon the guide- 


ſtick F directly in the middle between the two 
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on a pin fixed in the guideſtick, the pin paſſing thro 
the nich n. The other end of the ſwivel M contains 
the ſtop-wires b ů, and is attached to the end of the 
rod O, which projects from the front bench of the 
recl. This attachment is made by means of a piece 
of packthread with a knet on its end; which pack- 
threat paſſes thro' a hole in the ſwivel and in the 
picce O, and being fixed to a peg P, which turns in 
the under p art of the piece O, is drawn to a proper 
dege of tenſion to allow the ſwivel to obey all the 
mot:cns cf the guideſtick. 

Tlie manner of making the double croiſſure is 
thus: The two filk threads are paſſed thro' the two 
ſtop-wires b, and thro' the two guide-wires c c, 
and fo are faſtened to the reel. Then either of the 
two threads is. taken in that part of it which lies be- 
tween the ſtop-wire and and guide- wire, and turned 
two or three times round the other thread; and then 
each thread is placed in the groove of the pulley at Y, 
taking care to place each in the groove of that pulley 
wiuch lies on the fide of its own ſtop-wire. The 
threads will then appear in the fifuation repreſented 
in the figure twiſted round one another in the two 
points o and p. | FIR 

The great advantage of this method is the taking 
off the preſſure of tie threads, by making them paſs 
over two pullies inſtead of two hooks; and by the 
ſwivel complying with all the motions of the guide- 
ſtick, which keeps the angles of the croiſſure con- 
ſtantly the ſame: without this, the bearing of the 
threads and the variation of the angles will make 
them {o liable to break, that, from many experi- 
ments which I have made, I might venture to ſay, 


that 


[ 30 ] | 
that tho' the double croiflure has many advantages 
in compacting the filk thread, and ſhaking off its 
moiſture, yet without ſuch contrivance 1t will ſcarce 
ever be put in practice. I muſt alſo take notice, that 
this contrivance is vaſtly more fimple than that which 
Monſ. Vaucangon uſes, tho' his has no one of theſe 
advantages. A deſcription of his method may be 
ſeen in the treatiſe which I lately publiſhed on the 
culture of filk, for the uſe of our American colonies, 
ſold by Mr. Millar in the Strand; but I had not at 
that time thought of theſe improvements. 


N. B. In Tab. III. fig. 2. the ſwivel-croſs is repre- 
- ſented ſomewhat large, and ſeparate from the 
reel, the better to diſtinguiſh its parts; but at B, 


fig. I. it is ſhewn in its true proportion and fitu- 
ation when the reel is ready to work. 
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V. Experiments on ſeveral Pieces of Marble 


Aained by Mr. Robert Chambers. In a 
Letter to the Rev. Thomas Birch, D. D. 


Secret. R. S. from Mr. Emanuel Mendez 
da Coſta, F. R. 5. 


Rev. Sir, 5 
Read Feb. 8, 1 Take the liberty to addreſs to you ſome 


"75% notices on the art of ſtaining or paint- 
ing of marble, and the experiments I made on thoſe 
pieces of painted marble produced before this Society, 


at their meetings on the 2 1ſt December and 11th Ja- 
nuary laſt. The 


3 


1 


The artiſt, whom I alſo introduced at the ſame 
time to the Society, is Mr. Robert Chambers, of 
Minching-Hampton in Glouceſterſhire ; and at my 
defire he was preſent at the experiments I made on 
his ſaid painted marbles. 

But before I relate the experiments, it may not 


be improper to give ſome little hiſtorical account of 
the art itſelf: it will at leaſt be amuſing to the 
Society. 
Kircher, in his Mundus Subterraneus, lib. viii. ſect. 
1. c. 9. p. 45 & 46. is the firſt author I know, who 
mentions it. There was, fays he, an artiſt at Rome, 
who painted ſeveral pieces of marble, in an elegant 
manner, for Pope Urban VIII. He would not diſ- 
cover his art ; therefore Kircher ſtrove by many ex- 
periments to diſcover it : and he made colours, VIZ. 
tinctures of metals and minerals, which coloured 
the marble as finely as any the artiſt had done, and 
quite penetrated the ſtone ; inſomuch that a ſlab cut 
horizontally made as many pictures as pieces or ſec- 
tions. Kircher gives at large the proceſs he uſed for 
making the colours ; and obſerves, they ſhould always 
be of a mineral origin: which I incline allo to believe 
would anſwer much the beſt. 
The ſaid author (15:4.) alſo gives another method 
to colour marble, by vitriol, bitumen, &c. forming a 
defign of what you like upon paper, and laying the 
ſaid deſign between two pieces of poliſhed marble ; 
then cloſing all the interſtices with wax, you bury 
them for a month or two in a damp place. On 
taking them up, you will find, that the deſign you 
7 painted on the paper has penetrated the marbles, and 
& formed . the ſame deſign on them. A modern 


author, 
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author, Wallerius, in his M:neralogy, vol. ii. gen, 58. 
p. 128. alſo recommends this method. 

In the Philoſophical Tranſactions, N®. 7. the firſt 
method of Kircher is copied. The ur however 
therein ſays, that method has not fince, been tried. 
He adds, that one Mr. Bird had for many years (he 
writes in 1666) found out a way to fiik colou a 
confiderable depth into poliſhed marble ; pieces 
whereof were ſhewn to King Charles II. ſoon after 
his reſtoration; and, being broken in his preſence, 5 
it was found, that the colours had penetrated deep 
into the marbles ; and that many works of his coloured 
marbles were ſeen at Oxford and London. But Mr. 
Bird's way of doing it is not mentioned 

In the Philoſophical Tranſactions, No 268 is a 
paper, intituled, The Way of Colouring Maile.” 
The anonymous author gives us an 2ccount of the 
colours, &c. he uſed. It is obſervable they are only 
vegetable colours. His red, he ſays, he extracted 
again from the marble, without hurting the poliſh, 
within fix and twenty hours, with oil of tartar per 
deliquium ; and his brown was quite diſcharged by 
acuafortis within one quarter of an hour, and the 


poliſh of the marble quite deſtroyed. 
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I ſhall now proceed to give an account of the ex- 
periments I made. I could not well ſuggeſt any 
more, as the method of colouring the marble, the 
n:3terials of the colours, &c. are kept ſecret by the 
artiſt, Mr Chambers. 

A piece of marble, with the ſeveral colours uſed, 
on it, like a painter's pallet, being greatly ſaturated 
with aquatortis, at different times, for twenty hours, 
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tho the poliſh of the marble was quite effaced, yet 
there was not the leaft diſcharge of any of the co- 


lours, nor were any-wiſe dulled, &c. 

N. 6. A deep crimſon-red colour, being left 
twenty hours in a ſtrong lye of common ſoft green 
ſoap, ſuffered no change; and boiled in the ſame 
lye half an hour, alſo fuffered no change. The 
marble finely powdered, and aqua fortis effuſed over 
it, the marble icles were nigh deſtroyed ; but 
ſeveral red particles (no doubt the colour) remained. 
The marble, by common calcination, i. e. in a com- 
mon coal fire, for half an hour, is intirely diſcharged 
of its colour. We made the experiments on four 
other reds, and the reſult was much the ſame as 
aboveſaid ; ſo that this is a ſtandard for his reds. 
Ne. 5. A deep ſea-green, being left twenty hours 
in a ſtrong lye of common ſoft green ſoap, ſuffered 
no change; but boiled in the fame lye it quite diſ- 
charged its green colour : however, it yet remained 
flightly tinctured yellowiſh. By common calcina- 
tion the colour was quite diſcharged. Some other 
greens were tried, and anſwered much the fame. 

Ne. 10. 15. & 16. Browniſh or terreſtrial yellowiſh 
colours, near to a clay colour, boiled in a ſtrong lye 
of common ſoft green ſoap, they ſuffered no change. 
By common calcination the colours were diſcharged, 
but retained a greyiſh caſt. Theſe colours, covered 
for forty-eight hours with a layer of the ſaid common 
ſoap, ſuffered no ſenſible change. 

No. 19. A bright yellow, boiled in a ſtrong lye 
of common green ſoft ſoap, ſuffered no change ; 
and covered with a layer of the fame ſoap for forty- 
eight hours, the colour is dulled. By common cal- 
Vor. LI. F cination 
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cination the colours are di but retain a grey 
iſh caſt. Several other different ſhades of yellow 
anſwered much the fame by my experiments. 

For blue, Mr. Chambers has not as yet ſtained 
any marble of that colour. | 


By the above experiments we 1 that 
theſe colours are good, penetrate marble freely 
without injuring it, remain uninjured by menſtrua, 
Sc.; and that only calcination diſcharges them. 
Therefore it is probable, that Mr. Chambers's method 
of ſtaining or colouring marbles is extremely good. 
| Tho! acid menſtrua work on marble, yet 
it is obfervable theſe colours are not diſcharged by 
them, but only by calcination ; which, as it intirely: 
and thoroughly deſtroys the compages of the ſtone, 
the ſubſtances of the colours muſt undoubtedly at the: 
ſame time be exhaled by the force of the fire. We: 
obſerve a like proceſs in the works of nature; viz. 
in the dendrite; I mean, ſach as are on alcaline 
ſtones : for tho the ſtones are utterly corroded by 
the acids, yet the dendrite, however merely ſuper- 
ficial, remain ; but if calcined, the ſaid dendritz are. 
immediately exhaled, and intirely diſappear. 
This art will not only give pleaſure to the eye by 
regular paintings (whereas the natural colourings of 
marble are very irregular), but it may be very uſeful 


blazon arms, and for inſcriptions ; as ſculpture 


to 
alone can never expreſs colours, and chiſſel d inſcrip- 


tions, Cc. ſuffer much by age: for probably a mo- 
nument of marble, rightly coloured by this method, 
will be preferved ages from the injuries of the weather, 

925 | tho' 


[351 


tho' at the ſame time the ſtone itſelf will be ſome- 


what hurt or corroded by the air. 


I have the honour to be, 
Reverend Sir, 
Your very obliged and humble Servant, 


Ry pg . Emanuel Mendez da Coſta. 


„ 


VI. Obſervations upon the Sea Scolopendre, 
or Sea Millepes. By John Andrew Peyſ- 
ſonel, M. D. F. R. S. Tranſlated from 
tbe French. Os 


Read Feb. 15, HIS creature, in its figure, is like 
= the Land Scolopendre, or, as Pliny 
ſays, to the hairy caterpillar, commonly called the 
Milleped animal. It is of the fame colour, has the 
ſame arrangement of circular rings : but whereas the 
Land Scolopendre is flat, this is ſquare. I counted 
eighty rings, which form the body and head, when 
it was brought to me. This ſea inſet was v 
ſmall, and almoſt imperceptible. I was ſurpriſed, 
after having kept him ſome time, to ſee a round 
body, of a blackiſh green colour, like the glans vi- 
rilis, paſs out of him, which had a conſiderable 
opening, like the canal of the urethra. This gland 
was ſurrounded by two bodies or bowels, which ap- 
peared in form of a prepuce turned back ; the one 
was yellowiſh, and the * whitiſh ; each * a 

2 ne 
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line thick, ſtronger and larger above, and terminating: 


below like a ligature, filled with a matter like that 


contained in the inteſtines of fiſhes and inſects. This 


may be what gave occaſion to Pliny, and other na- 


turaliſts, to think, that theſe inſects, finding them- 


ſelves taken, throw out their bowels in order to leſſen 


their bulk. 


It is very likely, that this gland, which it puſhes 
out, and theſe kinds of bowels full of the fame 
matter, which fills them within, which in the 


natural ſtate of the inſect do not at all appear, but 


are in. the infide of the animal, without any ſigns of. 
their exiſtence, being puſhed outwards, . increaſe. the 
ſize of its head to ten times its common bulk; and: 
are the inteſtines, which he throws out at times. Is: 
not the gland his ſtomach, and theſe prepuces his 
guts, which he protrudes and retracts at pleaſure ?. 
To what purpoſe this play or action of theſe parts? 
J profeſs I do not know. It cannot be to diſengage - 
himſelf from the machine; and this muſt be. very 
ſmall, in order to be enabled: to catch theſe. inſects. 
If it was of glaſs, and of a bell- form, the protruſion 
of the ſtomach might be ſeen, in order to eject that 
matter, whatſoever it: be, in this play or action; 


which may perhaps be hereafter diſcovered. 


The body of the animal is ſquare; and the four 
fides are armed with ſuch prickles, . as I never faw- 
before. Alfo every ring has four bundles of prickles. 
The following is the manner of their being diſpoſed: 

At the end of each ring, above the ſquare, on each 
ide, we ſee a gland, near which a bundle of prickles 
ariſes towards the ſquares below. This bundle ſeems 
to fill the whole ring, and to part as it were from the 


centes 
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center of the under fide ; where is a hollow or ſepa- 
ration; which paſſes in a right line from the e 
the tail. The bundles of prickles appear round at 
firſt, and terminate in points; but afterwards they 
are ſcen to ſpread out like a fan; ſo that their extre- 
mities are more than four times the bigneſs of their 
baſes. They contain an infinite number of prickles, 
which are extremely fine, looſe, and brilliant, like an 
aigrette of glaſs, but more free and looſe. The range 
of prickles underneath ſpreads alſo like fans, ſerving 
the inſect as feet; for it is upon theſe he ſtands, and 
moves upon them as the Scolopendre does on his 
fect. 

Having put theſe Sea Scolopendres my fin- 
gers, they thruſt a great number of their prickles 
into the ſkin, and cauſed a ſharp pain for ſome hours: 
ii was like fire upon the part. It was in vain that I 
rubbed and waſhed the part; and tho' the prickles 
were broken, yet the parts, that ſtuck in the fleſh, 

roduced their effect, and cauſed the pain I felt for 


ome hours. Afterwards it all went off without any 
further ill conſequence. 


[ 38 ] 
vn. An Account of a Storm of Thunder and 


Lightning at Norwich, on the 13th of 
July 1758. By Mr. Samuel Cooper. 


Communicated by Mr. Joſeph Warner, Sur- 
. geon of Guy's Hoſpital, and F. R. S. 


Read Feb. 15, BOUT four o'clock on Thurſday 
759- afternoon, July 13th 1758. a ſhort 
but ſevere thunder-ſtorm, with lightning, fell upon 


a common garden, on the cauſeway near Sandling's- 
ferry, in the city of Norwich ; ſtruck off the tiles of 
the roof at the eaſt end, to the ſpace of a yard or 
two; burnt a very ſmall hole in the middle of a 
lath, in piercing into the chamber, and then darted 
to the mondo ; ript off the top of an old chair, 


without throwing it down; ſnapt the two heads of 


the bed - poſts, rent the curtains, drove againſt the 
wall (the front of the houſe ſtands due north-eaſt), 
forced out an upright of a window frame a yard 
long, three inches broad, and two thick ; ſmote it 
in a right line into an oppoſite ditch, ten or twelve 
yards diſtant : then ſtruck down on the wall of the 
chamber, paring off half a foot's breadth of its 
plaiſtered covering quite down to the floor ; lifted 
up a board of the floor, and leaving an hole of half an 
inch diameter, pierced thro' by the fide of the main 


* This account is confirmed in almoſt every circumſtance by 
another communicated to the Royal Society in a letter from Mr. 
William Arderon, F.R.S. to Mr. Henry Baker, F.R.S. 


beam 


the top of an houſe ſtanding alone, and belonging to - 
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beam into the kitchen, towards the weſt end of a 


pewter-ſhelf; traverſed the whole ſhelf to the eaſt, 
and melted ſuperficially to the breadth of a ſhilling 


fix pewter diſhes, two plates, and a pewter baſon, all 
ſtanding touching one another : two of the diſhes 
were thrown down, the reſt not diſplaced. Under 
this, a narrower ſhelf of plates untouched. 
In its deſcent to the floor, knocked, down, as ſhe 
expreſſes it, an ancient woman fitting in the paſſage 
weſtward of the ſhelves ; who being preſently taken 
up, her ſhoulders and back were found to be ſcorched, 
all over, with the hind part of her left leg: the ſkin 
almoſt univerſally red and inflamed, rimpled. in two or 
three places, but not broken: her ſhift burnt brown, 
ſtocking finged, with its colour of the infide diſ- 
charged, and the outſide unchanged : right foot very 
painful and bruiſed, with that ſhoe ſtruck off, and. 
its upper-leather torn : her gown and other cloaths 
without any damage. It paſſed through the ſame 
paſſage without injuring another old woman fitting 
knee to knee with her companion ; but keeping its 
direction to the north-eaſt, turned on a right angle 
upon the outer door, ſplit it, and paſſed through into 
the open air. On a right line with this paſſage to 
the weſt, and under the ſame roof, is the waſh-houſe, 
where ſtood the maſter and his man. They ſaw the 
woman tumble down, and heard ſuch a violent ex- 
ploſion, that made them both think the whole houſe 
muſt come down : and the man ſays, with ſuch a 
blaze, as if all was on fire; but that was but fora 
moment. To the eaſt of the pewter ſhelves, and 
under that part of the roof, where it entered, it ruſhed 
into the kitchen cloſet, by tearing off a wooden but- 

ton 


7 


* 
pa — — = I — 
1 —— . "& © = 


= 


14 
1 
1 / 4 
= f 

1 

1 

i 


1 49] 


ton, that was nailed on, and there took ſome pieces 


from a Delft diſh without throwing it down, brake 
2 quart mug, and from a four-onnce em half full 
of oil cut off its empty half part without fpilling a 
—_— the oil. The activity of the lightning was 
ith abated violence to all other points of the com- 

fs; but not without ſome conſiderable degree of 
— ; for it ſcraped the plaiſter off the wall in 
many different and diſtant places, both in the cham- 
ber and kitchen: and to the ſouth-weſt of the cham- 
ber, where was the window, broke many panes of 
glaſs, and tore the lead outwardly, without melting 
it; and broke two panes of the kitchen window, 
with i its lead, ſituated under the chamber window. 
Both kitchen and chamber fmelt as ſtrong of ſul- 
phur ſome hours after, as if fumigated with brim- 


ſtone matches. 
Sam. Cooper. 


—— 


VIII. Experiments concerning the Encauſtic 
Painting of the Ancients. In a Letter to 
the Right Honourable George Earl of 
Macclesficld, Prefident of the Royal Society, 
from Mr. Joſiah Colebrooke, F. R. . 


2 Lord, 
Read Mar. 1. HE reſult of experiments (what- 
"109 ever the ſucceſs attending them 


may be), in philoſophical or mechanical inquiries, is 
not below the attention of the Royal Society. 


The 
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The art of painting with burnt wax, (as it is called) 
hath long been loſt to the world; the uſe of it to 
painters, in the infancy of the art of painting, was 
of the utmoſt conſequence, drying oil being un- 
preſerve their colours 

entire from the injury of damps, and the heat of the 
ſun; a varniſh of ſome ſort was therefore neceſſary; 
but they being unacquainted with diſtilled ſpirits, 
could not, as we now do, diſſolve gums to make a 
tranſpare ictures; this invention 


nt coat for their 
therefore of burnt wax ſupplied that defect to them, 
and with this manner of painting, the chambers and 
other rooms in their houſes were furniſhed; this Pliny 
calls encauſtum, and we encauſtick painting. 

The following experiments which I have the ho- 
nour to lay before your Lordſhip and the Society, 
were occaſioned by the extract of a letter from 
Abbe Mazeas, tranſlated by Dr. Parſons, and pub- 
liſhed in the ſecond part of the 49th volume of the 
Philoſophical Tranſactions, N® joo, concerning the 
antient method of painting with burnt wax, revived 
by Count Caylus. | 

The Count's method was, 


Firft, To rub the cloth or board deſigned for the 
picture ſimply over with bees-wax. 


Secondly, To lay on the colours mixed with com- 
mon water ; but as the colours will not adhere to 
the wax, the whole picture was firſt rubbed over 
with * Spaniſh chalk, and then the colours are uſed. 

r Thirdly, 


Vol. LI. 


®* Spaniſh chalk is called by Dr. Parſons, in a note, Spaniſh white; 
this is a better kind of whitening than the common, and was x 
ny 
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the picture is 


Thirdly, When 


dry, it is put near 


the colours, 


EXPERIMENT I. 
A piece of oak board was rubbed over with bees- 


the grain, to fill up all the pores that remained after 
it had been planed, and after wards was rubbed over 
with as much dry Spaniih white, as could be made 
to ſtick on it; this, on being painted (the colours 
mixed with water only), ſo clogged the pencil, and 
mixed ſo unequally with the ground, that it was im- 
poſſible to make even an outline, but what was ſo 


much thicker in one part than another, that it would 


not bear ſo much as the name of painting ; neither 
had it any appearance of a picture: However, to 


purſue the experiment, this was put at a diſtance 


from the fire, on the hearth, and the wax melted by 


flow degrees; but the Spaniſh white (tho laid as 
ſmooth as ſo ſoft a body would admit, before the 


colour was laid on) yet on melting the wax into it, 
was not ſufficient to hide the grain of the wood, nor 
ſhew the colours by a proper whiteneſs of the ground, 
the wax in rubbing on the board, was unavoidably 


pn OE TEE K 1 


only white that had the name of Spaniſh annexed to it, that I 


could procure, tho* I enquired for it at moſt if not all the colour 
ſhops in town. | 

My friend Mr. Dacofta ſhewed me a piece of Spaniſh chalk in 
his collection, which ſeemed more like a cimalia (tobacco pipe 


clay), and was the reaſon of my uſing that in one of the experi- 
ments. 
thicker 


the fire, whereby the wax melts, and abſorbs all 


wax, firſt againſt the grain of the wood, and then with 


431 


thicker in ſome parts than other, and the Spaniſh 
white the ſame: on this I ſuſpected there muſt be 
ſome miſtake in the Spanith white and made the en- 
quiry mentioned in the note * pag. 41. 

To obviate the inequality of the ground in the 
firſt experiment; 


5 EXPERIMENT II. 


A piece of old wainſcoat (oak board) + of an inch 
thick, which 2 part of an = drawer, 
was not likely to ſhrink on being brought near the 
fire ; this was ſmoothed with a fiſh-fkin, made quite 
warm before the fire, and then with a bruſh dipped 
in white wax, melted in an earthen pipkin ſmeared 
all over, and 41 to the fire again, that the wax 
might be equally thick on all parts of the board, a 
ground was laid (on the waxed board) with levigated 
chalk mixed with water (viz. Gum Arabick 
diſſolved in water): When it was dry, I painted it with 
a kind of landſkip, and purſuing the method laid 
down by Count Caylus, brought it gradually to the 
fire; I fixed the picture on a fire ſcreen which would 
preſerve the heat, and communicate it to the back 
part of the board, this was placed firſt at the dif- 
tance of three feet from the fire, and brought for- 
ward by ſlow degrees till it came within one foot of 
the fire, which made the wax ſwell and bloat up the 
picture; but as the chalk did not abſorb the wax, the 


picture fell from the board and left it quite bare. 


G 2 Exer- 
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EXPERIMENT III. 


I mixed three parts white wax, and one 
white reſin, hoping the tenacity of the reſin might 
reſerve the picture. This was laid an a board 
Lad with a bruſh, as in the former; and the 
ground was chalk, prepared as before. This was 
placed horizontally on an ironing box, charged with. 
an hot heater, ſhifting. it from time to time, that the 
wax and refin might penetrate the chalk; and hoping 
from this poſition, that the ground, bloated by melt- 
ing the wax, would ſubſide. into its proper place: 
but this, like the other,. came from. the board, and: 
would not at all adhere. . | | 
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EXPERIMENT. IV. 


Prepared chalk four dtams, white wax, white 
reſin, of each a dram, burnt alabaſter half a dram, 
were all powdered' togetlier and ſiſted, mixed with: 
ſpirit of moloſſes inſtead of water, and put for a 
ground on a board ſmeared with wax and reſin, as 
in Exp. 3. This was alſo placed horizontally on a 
box- iron, as the former: the picture bliſtered, and 
was cracked all over; and tho' removed from the 
box- iron to an oven moderately heated (in the fame 
horizontal poſition), it would not ſubſide, nor be- 
come ſmooth. When it was cold, I took an iron. 
ſpatula made warm, and moved it gently over the 
ſurface of the picture, as if I were to ſpread a plaiſter. 
(This thought occurred, from the board being pre-- 
pared with wax and refin, and the ground having the 
ſame materials -in its compoſition, the force of the 
— ſpatula 


. 4 * * a 12 * p Ss * r 8 es 1 * 0 2 - 7 
7555 3, are 5 


7 


[ 45] 

ſpatula might make them unite.) This ſucceeded ſo 
well, as to reduce the ſurface to a tolerable degree of 
fmoothneſs : but as the ground was broke off in 
— laces, I repaired e 
yolk of an egg and milk, and 
et molofles ſpirit (inftead of water); and then pa 
it into an oven with a moderate degree of heat. In 

this I found the colours fixed, but darker than when 
it was firſt painted ; and it would bear being waſhed. 


with water, not rubbed. with a wet cloth. 


5 


ExPERIMENT V. 


A board (that had been uſed in a former experi- 
2 was ſmeared with wax and reſin, of each 
parts; was wetted with moloſſes ſpirit, to make 
n (or Spaniſh white) mixed with gum- water 
adhere. This, when dry, was ſcraped with a knife, 
to make it equally thick in all places. It was put into 
a warm oven, to make the varniſh incorporate partly 
with the whitening before it was painted; and it had 
only a ſmall degree of heat: water only was uſed 
to mix the colours. This was again put into an 
oven with a greater degree of heat; but it flaked off 
from the board : whether it might be owing to the 
board's having had a ſecond coat of varniſh (the 
firſt having been ſcraped: and melted: off), and that 
the unctuous parts of the wax had ſo entered. its 
pores, that it would not retain a ſecond. varniſh, I. 
cannot tell.. 


ExPERIM ENT VI. 


Having miſcarried in theſe trials, I took a new 


board, planed ſmooth, but not poliſhed, either with 
a. file. 


4 
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a fiſh-ſkin or ruſhes: I warmed it, and ſmeared it 
with wax only; then took c:molia (tobacco-pipe 
clay) diveſted of its ſand, by being diſſolved in wa- 
ter and poured off, leaving the coarſe heavy parts be- 
hind. After this was dried and powdered, I mixed 
it with a ſmall quantity of the yolk of an egg and 
cow's milk, and made a ground with this on the 
waxed board: this I was induced to try, by know- 
ing that the yolk of an egg will diſſolve almoſt all 
unctuous ſubſtances, and make them inc 
with water ; and I apprehended, that a ground, thus 
prepared, would adhere ſo much the more firmly to 
the board than the former had done, as to prevent 
its flaking off. The milk, I thought, might anſwer 
two purpoſes; firſt, uniting the ground with the 
wax; and ſecondly, by anſwering the end of ſize, 
or gum-water, and prevent the colours finking too 
deep into the ground, or running one into another. 

When the ground was near 2. I ſmoothed it with 
2 t-knife, and waſhed with milk and egg where 
I had occaſion to make it ſmooth and even: when 
dry I painted it, mixing the colours with common 
water ; this, on being placed horizontally in an oven, 
only warm enough to melt the wax, flaked from 
the board ; but held ſo much better together than 
any of the former, that I paſted part of it on 
paper. 


ER PE. 
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EXPERIMENT VII. 


Flake white mixed with egg and milk, crumbled: 
all to pieces in the oven, put on the waxed board, as 
in the laſt experiment. 

The bad ſucceſs which had attended all the former 
experiments, led me to conſider of what uſe the wax 
was in this kind of painting: and it occurred to 
me, that it was only as a varniſh to preſerve the co- 
lours from fading. 

In order to try this, 


ExXPERIMENT VIII. 


I took what the bricklayers call fine ſtuff, or put- 
ty +; to this I added a ſmall quantity of burnt ala- 
baſter, to make it dry : this it ſoon did in the open 
air; but before I put on any colours, I dried it gently 
by the fire, leſt the colours ſhould run. When it 
was painted, I warmed it gradually by the fire (to 
prevent the ground from cracking), till it was very 
hot. I then took white wax three parts, white reſin 
one part, melted them in an earthen pipkin and 
with a bruſh ſpread them all over the painted board, 
and kept it cloſe to the fire in a perpendicular 
fituation, that what wax and reſin the plaiſter would 
not abſorb might drop off. When it was cold, I 
found the colours were not altered, either from the 


— 
ͤ»„ä—qO— — — — 


* Flake white is the pureſt fort of white lead. 

+ Putty is lime flacked, and, while warm, diſſolved in water, 
and trained through a ſieve. 
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heat of the fire, or the bruſh over them. I 
then rubbed it with a ſoft linen cloth, and thereby 
procured a kind of gloſs, which I afterwards in- 
creaſed by rubbing it with an hard bruſh; which 
was ſo far from ſcratching or leaving any marks on 
the picture, that it became more ſmooth and poliſhed 


by it. 
After I had made all the foregoing experiments, in 


converſation with my honoured and learned friend 
Dr. Kidby, a fellow of this Society, I ſaid I had 
been trying to find out what the encauſtic painting 
of the ancients was. Upon which, he told me, that 
there was a paſſage in Vitruvius de architefura rela- 
tive to that kind of painting ; and was ſo good as to 
tranſcribe it for me from the 7th book, chap. 9. De 
mini temperatura. Vitravius's words are; At fi quis 
ſubtihor fuerit, & voluerit expolitionem miniaceam 


ſuum colorem retinere, cum paries expolitus & aridus 
fuerit, tunc ceram punicam liguefactam igni, paulo 


oleo temperatam, ſeta inducat, deinde poſtea carboni- 
bus in ferreo vaſe compoſitis, eam ceram apprime cum 
pariete, calefaciendo ſudare cogat, fiatque ut peræ- 
quetur, deinde cum candela linteiſque puris ſubigat, 
uti figna marmorea nuda curantur. Heæc autem 
xaugis grace dicitur. Ita obſtans ceræ punice lorica 
non patitur, nec lunæ ſplendorem, nec ſolis radios lam- 
kendo eripere ex his politionibus colorem. 
Which I thus _ * if any one is more 
*« wary, and would have the poliſhin inting] 
add with vermilion hold its dec Ma 3 22 5) 
“painted and dry, let him take Carthaginian Bar- 
c bary] wax, melted with a little oil, and rub it on 
* the wall with an hair pencil; and afterwards let 
« him 
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* him put live coals into an iron veſſel (chafing-diſh), 
« and hold it cloſe to the wax, when the wall, by 
e being heated, begins to ſweat ; then let it be made 
© ſmooth: afterwards let him rub it with a “ candle 
c and clean linen rags, in the ſame manner as the 
te do the naked marble ſtatues. This the Greeks call 
runs. The coat of Carthaginian wax (thus put 
on) is ſo ſtrong, that it neither ſuffers the moon 
by night, nor the ſun-beams by day, to deſtroy 
ce the colour.” | 

Being fatisfied, from this paſſage in Vitruvius, 
that the manner of uſing wax in Exp. 8. was 
right, I was now to find if the wax-varniſh, thus 
burnt into the picture, would bear waſhing : but 
here I was a little diſappointed ; for rubbing one 
corner with a wet linen cloth, ſome of the colour 
came off; but waſhing with a ſoft hair pencil dipped 
in water, and letting it dry without wiping, the co- 
lours ſtood very well. 

A board painted, as in Exp. 8, was hung in the 
moſt ſmoaky part of a chimney for a day, and ex- 


* 


* 


* This account of the method of poliſhing [painting] walls 
coloured with vermilion, gave me great ſatisfaction, as it proved 
the method I had taken in experiment 8. (which 1 had tried 
before I ſaw or knew of this paſſage in Vitruvius) was right. The 
uſe of the candle, as I apprehend, was to melt the wax on the 
walls, where by accident the bruſh had put on too much, or afford 
wax where the bruſh had not put on enough, or had left any part 
bare. = 

+ The rubbing the wall with a linen cloth, while warm, will 
do very well, where there is only one colour to be preſerved ; but 
where there are many, as in a landſchape, it will be apt to take off 
| ſome, or render the colouring rather faint; which I found by 
wiping the wax off from a painting while it was hot. 


Ver; LI. H poſed 
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poſed to the open air in a very foggy night. In the 
morning the board was feemingly wet through, and 
the water ran off the picture. This was ſuffered to 
dry without wiping ; and the picture had not ſuffered 
at all from the ſmoke or the dew, either in the 
ground or the colours : but when dry, by rubbing it, 
firſt with a ſoft cloth, and afterwards with a bruth, it 
recovered its former gloſs. 

Suſpecting that ſome tallow might have been 
mixed with the white wax I had uſed, which might 
cauſe the colours to come off on being rubbed with 
a wet cloth, I took yellow wax which had been 
melted from the honeycomb in a private family, 
and conſequently not at all adulterated ; to three 
parts of this I added one part reſin, and melted 
them together. 


EXPERIMENT IX. 


Spaniſh white, mixed with fiſh glew, was put for 
a ground on a board, and painted with water colours 
only. The board was made warm; and then the 
wax and reſin were put on with a bruſh, and kept 
cloſe to the fire till the picture had imbibed all the 
varniſh, and looked dry. When it was cold, I rub- 
bed it firſt with a linen cloth, and then polifhed it 
with an hard bruſh. 

In theſe experiments I found great difficulties with 
regard to colours; many water colours being made 
frog the juices of plants, have ſome degree of an 
acid Ih them ; and theſe, when painted on an alka- 
line ground, as chalk, whitening, cimolia, and plaiſter, 


are, totally changed their colours, and from green 


became 
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became brown ; which contributed much to make 
the experiments tedious. I would therefore adviſe 
the uſe of mineral or metallic colours for this ſort 
of painting, as moſt likely to preſerve their colour : 
for although I neutralized Spaniſh white, by fer- 
menting it with vinegar, and afterwards waſhed it 
very well with water, it did not fucceed to my wiſh. 
Theſe experiments, and this paſſage from Vitruvius, 
will in ſome meaſure explain the obſcurity of part of 
that paſſage in Pliny which Dr. Parſons, in his learned 
comment on the encauſtic painting with wax, ſeems 


to deſpair of. 
Ceris pingere was one ſpecies of encauſtic painting. 


ErxavoTor, inuftum, may be tranſlated, forced in by 


the means of fire, burnt in : for whatever is forced 
in by the help of fire can be rendered into Latin by 
no other ſignificant word, that I know of, but in- 
uſtum. If this is allowed me, and I think I have 
the authority of Vitruvius (a writer in the Auguſtan 
age) for it, who ſeems to have wrote from his own 
knowlege, and not like Pliny, who copied from 
others much more than he knew himſelf, the diffi- 
culty with regard to this kind of painting is ſolved, 


and the encauſtic with burnt wax recovered to the 


public. 


What he means by the next kind he mentions, 
in ebore ceſiro id eft viriculo, I will not attempt to 
explain at preſent. 

The ſhip painting is more eaſily accounted for: 
the practice being, in part, continued to this time; 
and is what is corruptly called breaming, for bren- 
ning or burning. This is done by reeds ſet on fire, 
and held under the fide of a ſhip till it is quite hot; 

H 2 then 
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then reſin, tallow, tar, and brimſtone, melted toge- 
ther, and put on with an hair bruſh while the planks 
remain hot, make ſuch a kind of paint as Pliny de- 
ſcribes ; which, he ſays, nec ſole, nec ſale, ventiſque 
corrumpitur, as they were ignorant of the uſe of oil 
painting, they mixed that colour with the wax, &c. 
which they intended for each particular part of the 
ſhip, and put it on in the manner above deſcribed. 
In the pictures painted for theſe experiments, and 
now laid before your Lordſhip and the Society, I 
hope neither the deſign of the landſchape, nor the 
execution of it, will be ſo much taken into conſi- 
deration as the varniſh (which was the thing wanted 
in this inquiry): and I think that will evince, that 
the encaultic painting with burnt wax is fully reſtored 
by theſe experiments ; and though not a new inven- 
tion, yet having been loft for ſo many ages, and now 
applied further, and to other purpoſes than it was by 
Vitruvius (who confined it to vermilion only), may 
almoſt amount to a new diſcovery, the uſe of it may 
be a means of preſerving many curious drawings to 
* poſterity: for this kind of painting may be on 
paper, cloth, or any other ſubſtance that will admit 
a ground to be laid on it. The proceſs is very ſimple, 
and is not attended with the diſagreeable ſmell un- 
avoidable in oil painting, nor with ſome inconveniences 
inſeparable from that art; and as there is no ſubſtance 
we know, more durable than wax, it hath the greateſt 


probability of being laſting. 


* A bird painted by Mr. Edwards on paper, and the colours fixed 
by burned wax, was ſhewn to the Society, April 5th, 


I atk; 
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I aſk pardon of your Lordſhip and the Society 
for taking up ſo much time as this paper hath re- 
quired : but if it meets with your Lordſhip's and the 
Society's approbation, I may, in ſome future paper 
(when the neceſſary avocations of my profeſſion will 
allow me leiſure), lay before you ſome experiments, 
relating to colours which are not likely to change by 
being painted on any kind of ground. 

As your Lordſhip's recommendation contributed 
much to make me a member of this learned body, 


I muſt beg your patronage of this communication ; 
and am, with the greateſt refpect, 


Your Lordſhip's and the Society's 
Moſt obedient humble Servant, 


Budge-row, Joſiah Colebrooke. 


February 27, 1759. 


—— 


— 


IX. A Letter concerning the ſucceſs of the 
preceding Experiments. In @ Letter to the 
Right Honourable Lord Charles Caven- 
dith, J. P. R. S. from Mr. Joſiah Cole- 
brooke, F. R. &. DE 


My Lord, 
IN a paper (I lately had the honour to 
lay before the Royal Socicty, on the 


Read Ap:il 5. 
1759. 


encauſtic painting of the ancients) J mentioned an 
uſe Which might be made of it to preſerve drawings. 
I have now the pleaſure of laying before your Lord- 

thip 
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ſhip and the Society a ſpecimen of the encauſtic 
4 paper, being a bird drawn by Mr. George Ed- 
wards, a fellow of this Society, on paper prepared 
with a ground of whitening and fiſh-glew, painted 
with water colours, and then the wax, &c. burned 


in. This will roll up as eaſily as common paper, 
without cracking the varniſh, There are alſo two 


landſchapes, painted by a young lady, after the ſame 


manner, on wood. Theſe will fully evince all I 
advanced in that paper. 


I am, my Lord, with the greateſt reſpect, 
| Your Lordſhip's moſt humble Servant, 


T2 0 | 
Pe prot Johah Colebrooke. 


—— 


X. An Account of a particular Species of Co- 


coon, or Silk-pod, from America. By the 
Reverend Samuel Pullein, M. 4. 


Read Mar. 8, AVING lately ſeen the aurelia of a 
7 particular ſpecies of caterpillar, I 
judged, from its texture and confiſtence, that there 
might be procured from it a ſilk not inferior to that 
of the common ſilk-worm in its quality, and in its 
quantity much ſuperior. I have made ſome expe- 
riments on this neo ſpecies of ſilk- pod, which 
ſtrengthen this opinion. 
This pod is about three inches and a quarter in length, 
and above one inch in diameter; its outward form not 


{0 
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ſo: regular an oval as that of the common filk- 
worm; its conſiſtence ſomewhat like that of a dried 
bladder, when not fully blown ; its colour of a red- 
diſh brown; its whole weight 21 grains. 

Upon cutting open this outer integument, there 
appeared in the infide a pod completely oval, as 
4 that of the filk-worm. It was covered with ſome 
| floſs-ſilk, by which it was connected to the cuter 
coat, being of the ſame colour. Its length was two 
inches ; its diameter nearly one inch ; and its weight 
nine grains. 

The pod could not be eaſily unwinded, becauſe it 
was perforated by the moth : but, upon putting it 
in hot water, I reeled off ſo much as ſufficed to 


form a judgment of the ſtrength and ſtaple of its 
ſilk. 


The ſingle thread winded off the pod in the ſame 
manner as that of the common filk-worm ; ſeemin 
in all reſpects as fine, and as tough. I doubled this 
thread ſo often as to contain twenty in thickneſs; 
and the compound thread was as ſmooth, as ela- 
ſtic, and as gloſſy, as that of the common filk- 
worm. I tried what weight it would bear; and 
it bore fifteen ounces and a half, and broke with 
ſomewhat leſs than ſixteen, upon ſeveral trials. I 
then tried a thread of the common filk-worm, 
which was alſo compoſed of twenty (in thickneſs it 
rather, exceeded the other) ; and it broke always with 
3 tifteen ounces. 1 
4 I boiled a part of the cocoon in water, for the 
7 ſpace of four hours, that I might know whether it 
was compoſed of a gum in any fort mucilaginous ; 
and 
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and I found that it was as indiſſoluble as that of the 

- common ſilk- worm. 3 

The common filk-pod, with all its floſs, weighs 

uſually but three grains: and here is a pod which 

weighs ſeven times as much. If the outer coat, 
which weighed twelve grains, were all to be uſed 
only as floſs-filk, there remain nine grains, capable 
of being reeled; which is above three times as much 
as cau be reeled from the common cocoon. But I 
am of opinion, that when the pod is freſh, and not x 
hardened by age, the whole outer coat may be reeled 
off: for the pod on which I made theſe trials was 
{even or eight years old. e 

Upon enquiry, I have found that the moth of 
this pod is called the Iſinglaſs by Marian. It is a 
very large moth, being five inches from the tip of 
each wing extended. It differs from the filk-moth, 2 
in that it has a proboſcis; which intimates that it 7 
feeds in its papilio ſtate, whereas the filk-moth 
never eats. 

I The caterpillar which produces this pod is a na- 
tive of America. It was found in Penſylvania : the 
was fixed to the ſmall branch of a tree, which 
ſeemed to be either of the crab or hawthorn ſpecies. 

The leaf of the tree had alſo helped to ſupport 
the pod; for the mark of its ribs was apparent on 
the ſurface of the pod. 

I do not conceive that it will be at all difficult to 
find out the caterpillar, or the tree it feeds on; or 
to reel ſuch a quantity of the filk as ſhall, when 
woven into ribband, more fully demonſtrate whe- 
ther it be of that value which I judge it. For by 
: L comparing 


is made, 
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comparing it with the cocoon of the wild Chineſe 
filk-worm, from which an excellent ſpecies of filk 
I have no doubt of its being the ſame 
ſpecies; and would be glad if, by this memorial, 
I could induce the people of America to make trial 
of it. | | | 


Samuel Pullein. 


Vol. LI. L 


Province. 


Baker, F. R. F. 
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XI. A Thermometrical Account of the Weg- 
ther, for One Year, beginning September 
I753. Kept in Maryland, by Mr. Richard 
Brooke, Phy/ician and Surgeon in that 

Communicated 


by Mr. Henry 
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! | | | A. N Wind and Weather. P. M. 
1 1 12 
3 100 1 3 Clear. N. W. moderate 79 
1 2] 81 | Flying clouds. S. E. 87 
120 $198 10” CW... | 80 
0 4] 70 | D* S. E. { 76 
ally 5] 70 | D* S.W. 77 
61 69 ] Clear and calm 72 
7] 83 ] D* DP | 87 
$f 74 | Cloudy. N. E. 82 
| o OO 
of {2 Calm 79 
10 3 75 
11 98 65 
12] 64 | D* D? | 
wi J 
17 ; D* S.E. | 68 
OP | 
aol 70 | FI. clouds. N.W. briſk gale 
24! 60 ] Rained. N. E. . 63 
5162 Fair and calm | 
26] 61 ] D* D | 71 
27] 67 | Flyin clouds, Calm 73 
28; 66 z Dꝰ . - 67 
29] 63 E  - | 72 
30} 58 | Clear and calm 143 


De 
| Rained. 


| Flying etouds. N. E. 


SEPTEMBER, 1753. 


Wind and Weather. 


15 D? 


. 

8. R. 

S. W. 
Clear and calm 


Cloudy. N. E. 
Wind high. 8. Rained 
Hard rain. Evening clear 


[D' 8. 


Fiying clouds. N. E. 
Intermittent fever and flux 

| = 

Flying clouds. NW. D® 
Rained. N.. E. D 

| Fair 
Wind. S. E. D® 
Fl. clouds and calm. Dꝰ 

Calm. Rained. D® 


OCTOBER. 


[ 59] bu 


OCTOBER. 


Wind and Weather. P. 


[A.M M. Wind and Weather, 
N N 
1| 72 | Foggy and calm 73 [Mi 
2| 64 Cloudy. D 68 Nate 8. 
31 66 Flying clouds. S. 74 | Flying clouds. S. 
470 | Thunder and rain. S. 71 | Thunder and . 
5 64 Wee clouds. N. W. 74 Flying clouds, N. W. 
2156 Cloudy. Dꝰ 64 | Cloudy. D? 
$| 54 | Rained at times. Dꝰ 62 Dꝰ Calm 
9] 52 Cloudy. Do 56 De Do 
10! 52 [Rained. D? 64 | Clear and D? 
11]. 56 | Flying clouds. S. Worms in 
— children 
14 62 | Briſk gale. N. W. 68 |Briſk gale. N. W. more com- 
— | 1 mon than 
17] 61 | Cloudy. Calm uſual, 
hat 64 | —Y clouds. S. E, 65 jClear. 8. from in- 
19 66 | fancy to 
20 62 | Cloudy and calm 71 | Sunſhine, S. E. the age of 
211 60 I E. fourteen 
— | 5 or fifteen 
23] 57 Flying clouds. N.E. | 
8 
2 8 | Briſk gale, N. W. 9 | Briſk gale. N. W. 
28| - Flying clouds, Dꝰ ” Flyin — * 
29] 44 Froſt. Do 52 Cloudy. S. E. 
30 42 Rained. Snowed. N. | 36. |Snowed. N. W. 
| Clear. High. N. WMW. 51 [Clear. High. D* D 


12 NOVE M- 
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NOVEMBER. 


1% 
y ik j 
Þ | | A. MI Find and Weather. KS Wind and Weather, 
1 * I K | Clear and calm. N. W. | 61 Clear. E. 
WY 2| 58 Flying clouds. S. E. 63 iRained. Briſk gale. S. E. 
Mi 3 Clear. High. N. W. 39 Clear. . 
þ . 4 41 D* D®? De 0 D? 
ill 6) 47 De Calm De Calm. Worm fevers 
"it if 7| 50 be De 61 [D . © 
1445 81 57 Cloudy. E. 61 Cloudy. E. 
1 9] 53 Rained. E. 62 IRained. E. 
1 101 60 [Dꝰ N. W. | 62 | Clear. N.W. 
8 11 55 Fair. De 60 D De 
EF f 13 47 Cloudy and calm 52 Rained. E. 
1 Uh 14 43 |Rain'd. Highattimes. S.W.} 38 Da and ſnowed. S.W. 
1 15 35 [Clear. D* | 42 Clear. D* 
1 16 40 [Dꝰ De 41 | D® D 
17 39 | Cloudy. Dꝰ 41 | Cloudy. Calm 
18] 40 | Clear and calm 42 | Clear. De 
19] 44 Do D® 50 De. Do 
20 45 Cloudy. E. 51 FRained. E 
211 50 Fair. Calm. 53 | Fair. Calm. 
22 44 Flying clouds. High. N.W.| 46 D. High. N. W. 
23} 42 | Snowed. _— 45 De =— 
24 43 | Thin clouds. S. E. 46 | Thin clouds. E. 
25 46 |Rained. De 48 | Rained. E. 
26] 38 | Clear. N. W. 44 | Clear. N.W. 
271 44 De Calm 45 | Cloudy. D 
28 53 Do 8. | 58 Clear. S. 
29] 48 [D N. W. 50 [Dꝰ N. W. 
300 52 [De S. w. | 56 | Fair and ſmoky. S. W. 
T7 
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DECEMBER, 


Wind and Weather. 1 

Smoky and calm 56 
Rained. E. 57 
Cloudy and calm 69 

j Foggy. | S. 64 S. 
Cloudy. Rain. N. 50 j Cloudy. N.E. 

| Rained. N. E.] 42 | Rained: 

D Calm 49 | D® 
Cloudy. D 1 47 | Cloud 
Fair. N. W. 48 Fair. NW. 
D? DP”. 1 o& 19 De 
Rained. N. E.] 43 | Rained. N.E.. 
v 40 Dꝰ 
Fair. S. W. 45 Fair. N. W. 

| Rained: then Sunſhine and | 29 | D® High. De 

. fl. clouds. High. N.W. | 
Clear. De D* 36 Fair. De 

Snowed 31 De 
Clear. D* | 38 | D® 
D? . 

Cloudy. Calm | D? N.W. 
Clear, De D* 
Snowed. Flying clouds. De 

Clear. air. — 
Cloudy and calm 43 jRamed. High. E. 
Flying clouds. High. S. W. 40 Fl. clouds. High. S. W. 
Clear. N. W. i7 Fair. N. W. 

Cloudy. 25 Cloudy 2 
Snowed. 32 | Hail 
Cloudy. 32 Clear. 

Clear. 29 D 

D* 37 | D* 
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JANUARY, 1754 


Wind and Weather, 


Clear and calm 
Cloudy. D® 


Thin clouds. Dꝰ 
Rained. 
Db” Snowed. De 
Clear. D? 
D®? 

Cloudy. Briſk. 
Clear and calm 
Thin clouds. 


Rained. 

Foggy. Calm. 
Thin clouds. 
Cloudy. 


Rained. High. 


* 


% SD nne” AN wp 


D? D 
Cloudy. 


Thin clouds 


Clear. Moderate. N. 
Deo N. 
D® 8. 
* Calm 

Cloudy. 

Clear. Moderate. N 
Dꝰ D 
Snowed. Calm. 
Cloudy. N. W 
Clear. 8. 
Thin clouds. De 


E. 
Foggy. N. W. 


P. 


22 


2 
S SR 


2978289 9 
4 588 


85 
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2% AS 
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Vid and Weather. 
Clear. 
Hail, rain, and ſnow. 8. 
F lying clouds 
D 
Rained. 
Clear. Briſk. 
D* Calm 
De 
Flying clouds. 
Clear. 
[ Thin clouds. 
Rained. 
Clear. 
Flying clouds 
Cloudy. 
Clear. High. 
| D® Calm 
D®? 
D 
Dꝰ 
D High. 
D* De 
Cioudy 
* 
D 
Clear 
D Calm 
Rained 
D* 
Clear. High 
Rained. 


SKIS 


FEBRU- 


Wind and Weather. 
Drizzle. Calm. 
| 0 
BE Y. D | 
Cloudy. S.E. 
Clear. N.W.. 
Cloudy and calm | 
Clear. N.W. 
| Rained. E. 
D? High. N. W. 


Clear. High. 
Snowed, and calm 
Clear, High. 


D? Moderate. 
Cloudy ; various winds 
Thin clouds. 


Clear and calm 

| Hailea and rained 
Cloudy, High. 

4Clear, Moderate. 


Snowed. 
Drizzle 


Cloudy. 
17 


at 7 o'clock, 36? at go'clock. 
N. W. 


N.W. 
„ 


* 


S. w. 
Cloudy. Briſk gale. D* 


8. 


1 637 


FEBRUARY. 


45 
47 
47 
49 
52 


td. 


Wind and Weather, 
Cloudy. 8. E. 
Rained. E. 
De 
Cloudy. N. W. 
Clear. Do 
Cloudy and calm 
Clear. N. E. 
Fly ing clouds. S. W. 
Stormy weather 
Clear. High. N. W. 
Snowed. E. 
at 5 o'clock, 1 at o' clock 
Clear. N.W. 
Clear, D 
De 8. 
Smoky. 1 4 
Very high. W. 
Clear. 4 8. E. 
Cloudy. 3 
Rained. High. N. W. 
Clear. 8. 
Cloudy. E. 
Flying cloads. 8. 


Rained. Briſſs gale. N. W. 


Snowed. Weſtwardly 
Drizzle 

Rained. High. N. W. 
Clear. D* 


MARCH. 
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M A R C H. 


Wind and Weather. 
Clear. N. 
Snowed 1 45 
Clear. S. W. 62 
D D 7 
| Smoky, Bric. D' | 63 
Rained. Calm. 44 
Cloudy 45 
Hail, rain, and ſnow. N. E. 38 
D* D* D* | 34 
Drizzle N. W. 34 
G.. . 1 
Clouds. 8. E. 
8.1 71 
S. W.] 69 
N. E. 55 
8. 66 
N. E. 
on 7 
N. W.] 63 
D* | 44 
E.] 43 
N. W. 44 
E.] 56 
54 
N. W.] 53 
D | 45 
N. 51 
Rained. E. 47 
Cloudy and calm 48 
Clean. De 59 
Thin clouds. N. 50 


7. Wind and Weather. 
37 


22522 
„spe 


75 


29 2 
20 


loudy. 
De Thunder and lig 
Smoky. 
Clouds. 


43 


8 


Z 


* 


Thund. lightn. rain. 
Cloudy and calm 
Clear. 

Cloudy. 


2 
* 


2 . 


APRIL. 


\O OW Gs 


Clear. 


Cloudy. 
Cloudy. 
Clear. 


D? 
Cloudy. 
Clear. 


Vol. LI. 


Drizzle. 


Flying clouds. 
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Wind and Weather. 


Various winds, 


Briſk. 


t Wind and Weather: 
C'ear; E. 
D? D 
D Do 

Cloudy. D 
Rained. N. E. 
Cloudy. Do 

| Rained. De 
Clear. D 
Clouds. Do 
Rained. 8 
FL. clds. Briſk. N. W. Froſt 


Clear. ' Briſk. N. W. 
Clouds, High. Do 
| Clear. Briſk. D 
Rain. Snow. De 
Clear. Briſk, Dꝰ 


Froſt 


N.W. 
8. 


Rained. 
Clear. 


Flying clouds. Eaſtw. Froſt 
S. W. 


De 


Smoky. 
| D® 


— 
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M 


oma 6 
' Driz 
Cloudy 
Drizz 
Clear. 


Clouds. Bri 
enn. D? 


%%% Wind and Weather. e 


*] 


V. 


at 3 o'clock, 80? 25 clock 
rain. _ N 1 
— 


5 


Clear. Briſk gale. 


Dꝰ 
Do 


Wind and Weather. 


De 
De 


S8 SSS S888 


\O5 OW Gusen 


A 


Cloudy. 


. Rain, thund. lightn. 
E. Drizzle 
De Do 
8. E. Thunder and rain 


2882 
0 


2282 


3 
Hand Weather. Wind and Weather: 
Clouds, Briſk gale, S. R. Clouds. 8. E. 
De D Rain. Thunder. 
Clear. S. W. _— 
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1 U L V. 


AM Wind and Weather. | | Wind «4 WW ather; 
8 Clouds. Che, - M. E. 
72 | Dꝰ Clouds. 8. T. 
75 De Thunder, lightn, rain. 
74 | Rained. Clear. hs N.W. 
63 | Clear. D* S. W. 
68 Rained. De 
61 [D Do N. E. 
71 [ Cloudy. Cloudy; Calm. 
Clear * | Clear. as Si S. E. 
Cloudy. o ain, er, ightning. 
= Fog g Fair. 3 8. W. 
Clouds Rain, thund. lightn. N. E. 
70 D N. W. Clear. N. W. 
64 | Cloudy. D ww D? 
71 |D* S8. E.] 84 Thund. lightn. rain. S. E. 
74 | Clear. S. W.] 82 |D* De De high. N. W. 
74 De N. W.] 82 | Fair, Dꝰ Do 
77 | Clouds. | De | 78 | Th. and rain. Northwardly 
72 | Cloudy. N. E. 74 [D” De Lightn. N. E. 
71 Thunder and rain 78 | Clouds | 
71 | Clear 85 Clear 
| 76 | Clouds. Eaſtwardly| 85 | Thund. light, rain. S. E- 
75 | Cloudy. 8. E. 84 [D 3 
82 1 a 1 Brifk gal N. E. 
63 | Fair | ri  * 
63 | D* Dꝰ 
62D D® 
68 |D? N. W. 
| 71 D® a 8. 2 
30 61 Clouds. = 


AUGUST, 
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AUGUST. 


Wind and Weather. 


P 
Fair. Briſk gale. N. E. 72 
Cloudy. D 


Wind and Wiather. 


. 8. E. 
D 

8 | Cloudy. 
Rained. 
Fair. 
D* 
Clouds. 
Cloudy 
Rained 
Cloudy | 
Fair. Eaſtward! 
Rained. High. N. W. 
Cloudy. Thunder. 8. E. 
at 2 o'clock, 75 at 8 clock 
| hard thu 7 lightn. and 
rain. High wind. N. E. 
Thun. lightn. & rain. N. E. 
Cloudy. Lightening. 
Thunder. De 

D* D* Rain 
Cloudy 
Thund. lighten. rain. E. 


E. 
E. 


9 2 


6 Fair 


Clear. | S.W. 
Weſtwardly 
D 


1D? E. 
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XII. A Thermometrical Account of the Wea- 
ther, for Three Years, beginning September 
1754. as obſerved in Maryland. By Mr. 
Richard Brooke. Communicated by Mr. 
H. Baker, F. R. S. 


The higheſt and loweſt State of the Mercury in each 
Month is here given, and other Obſervations are 
occaſionally intermixed. 


[Read March 8, 1759-] 


1754. 


: latter end fair. 
Nov. 67123] Winds 3 Snow and rain. 
602 3] Much rain. | 


1755. 


Much rain. Snow on the Iſt day. 
Much ſnow. 


Much rain. 


On the 16th it ſnowed as hard as ever I 

knew. Cleared up at two o'clock 
| P. M. ali diffolved before ni ght. Not 
one ſhower of rain this 3 Wind 


11 eaſterly till the 14th ; afterwards moſt- 
| } ly weliward, 


May 


Nov. 6, 


Dec. 


| Scaſonable weather. 


[71] 


47 Extremely dry: ſeldom any clouds: no 


rain. Every vegetable almoſt burnt 
up: ſtrawberry-leaves, green plantain, 
and others, ſo criſp as to crumble. In 


this month many black cattle died for 
_ want of food. 


Very dry. 
Very dry. 5 
Very dry. | 


Seaſonable weather towards the end of 
this month. This was the drieft ſum-- 
mer and autumn ever remembered. 
Many ſprings dried up, that ran briſk 
before. My ſpring, a remarkable 
good one, ran very flow, and the 


| water was unpleaſant. 


20 On Tueſday the 18th I felt three Week 


of an earthquake about eight minutes 


be fore four in the morning. The firſt 


much, and waked me. The ſecond 
Was leſs, and the third leaſt of all. 
| They ſucceeded each other at about 
one minute's diſtance, and were felt 
all over the continent. | 


15 On the 16th there was a briſk ſoutherly 


wind; the mercury about noon at 715 

At four P. M. u at 69*: at five © clock 
the wind came about to N. W. blew 
exceſſively hard, and did great damage 
in 


was ſevereſt: it ſhook the houſe very | 


721 


3 | in the country. A prodigious quantity 
3 of rain fell: it cleared up at fix o 
clock; but the wind continued blow- 


ing bard all night. At eight o'clock 
the Þ was at 439, at ſeven next morn- 
LN. 235 ing at 26, at nine at 244, and the 
morning following, viz, the 18th, the 


mercury was at 15". 
1756. AM 


15 Ny 


2 

ad Not obſerved, being hindered by bufinels, 
29 Seaſonable weather. 

481 Seaſonable weather. 
44 Plenty of rain: the ſeaſon much colder 
than uſual, v ſtanding frequently be- 
tween 60 and 750% On the 22d in 
the morning a black cloud came from 
the northward, ſoon overſpread the 
hemiſphere, and threatned much wind 
and rain; but ſoon blew over without 
much wind or rain. The ſun ſhone 
clear, and the weather calm, till to- 
wards noon, when clouds collected 
towards the north and north- weſt. 
About three P. M. there was the 
moſt threatning appearance I ever be- 
held: the clouds in ſome places of 
a deep green; in others, of a ſooty 
black. At 45 min. paſt three it be- 
gan to rain and blow, attended with 


| remarkable ſevere thunder ; but as the 
| thunder 


Wo. it 


[ 73 ] 


thunder ſtopped the clock, I cannot 


ſay how _ it laſted ; but ſuppoſe 
near half an hour ; in which time the 
moſt rain fell I ever ſaw. The wind 


did incredible damage in ſeveral parts 


of the country. In St. Mary's county, 
it is ſaid, 200 houſes were blown 
down, and many people killed. In 
every county in Maryland much dam- 


age was done by this guſt, which was 


the moſt general ever remembered. 
It was all over New York, the Jerſeys, 
Penſylvania, Maryland, and Virginia, 
and did much damage every where. 
How much farther it extended, either 
northward or ſouthward, I have not 
heard. 

In theſe two laſt months an epi- 
demical ſpotted fever was common in 
the country : I have not heard it was 
mortal any where. Thoſe, who had 
it moſt ſevere, were relieved with what 
Mr. Collinſon calls apocinon. There 
raged at the ſame time an epidemical 
diſeaſe amongſt the dogs, which de- 
ſtroyed great numbers in all the north- 
ern plantations. It came from thence 
to the eaſtern ſhore in Maryland, where 
it killed moſt of the dogs. It now 
rages amongſt our dogs, and ſcarce 
any recover. They are firſt ſeized 
with a ſhort cough, and a ſtoppage in 
the noſe, ſo that they are obliged to 
breathe thro' the mouth. In four, 


* , 


68 


60 


741 


five, or ſix days after, they have a large 
diſcharge thro the noſtrils of a thick 
fetid matter, and a plentiful ſerous diſ- 
charge from their eyes. Now their 


| ſtomach fails, or rather they are afraid 


to eat ; for every attempt makes them 
cough violently, and ſeems to give 
them great pain. Some die within 
two days after this diſcharge ; ſome 


live a week, or longer: theſe have 


had food forced into their ſtomachs : 
but none ever recover, that I have 
heard of. 

Seaſonable weather, and the moſt plen- 

tiful appearance of corn and tobacco I 
ever ſaw. The wheat was got in laſt 
month: it is ſuppoſed there will be 
the moſt of any year ſince the ſettle- 
ment of this country. 

Very dry. The diſeaſe amongſt dogs 
continues, tho' leſs violent: many 
have their limbs ſeized with a paraly- 
fis : theſe all recover. 

The diſeaſe continues amongſt the dogs. 
This month I ſaw a tame fox very ill 

with this diſorder. I gave him a dofe 

of a valuable powder, with which I 

have done much good ; and for the 

knowlege of which I was obliged to 
my worthy friend Dr. Parſons, when 
| 1 was laſt in England, I have known 
this powder cure dogs; which made 


me give it to this fox ; but he died in 
three 


** 
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Mercury. | 


Higheſt. 
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three minutes after ; which I attribute 
to the punch in which I gave it. This 
is the hotteſt and drieſt ſummer ever 
known in Maryland. There are great 
crops of corn and tobacco made ; but, 
through the extreme dryneſs of the 
weather, the Jatter crops of neither 
will come to perfection. Many ſprings 
are dried up, that were ever current 
_ Putrid bilious fevers are now 

frequent in the country, and have 
ont + for theſe fix weeks paſt. So 
likewiſe has an hepatic dyſentery, 
which, I have been informed (for it 
has not come within my own prac- 
tice), has oftentimes been ſo malignant, 
as not to yield to any medicines that 


could be thought of. 


The weather ſeaſonable. The dyſente- 


ries, that have been ſo fatal in many 
parts of the province, have reached 
my neighbourhood. The bilious fe- 
ver now is, and for ſome time paſt 
has been, very common in this coun- 
try. As the patients under my care 
had frequent large bilious ſtools (after 
the ſtimulus on the inteſtines was 
removed by opiates, and they voided 
no blood), imagining the fever and 
the flux owing to the ſame cauſe, 
only affecting different parts, I gave 
Dr. Parſons's powders, which I always 
uſed with ſucceſs, and my patients 

L 2 got 


= 
Nev. |73 
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got well. The method I found ſuc- 
ceſsful, after trying many others, was 
to give opiates, at proper intervals, till 
the purging and bloody ſtools ceaſed : 
then four or five doſes of Dr. Parſons's 
powders: afterwards a few doſes of 
aſtringents, which never failed of cur- 
ing. The opiate I uſed was pil. mat- 
thei ; which I ſuppoſed beſt in this 
putrid bilious complaint, becauſe of 


#7 


the ſoap in its compoſition. It is re- 
markable, that the frequent repetition 
of the ſtrongeſt aſtringents never de- 
creaſed the quantity or number of the 
ſtools, till Dr. Parſons's powders were 
given. Theſe valuable powders, which 
that ingenious and benevolent gentle- 
man communicated to me, when 1 


| was at London, have been of incre- 


dible ſervice in the plantations, I am 


perſuaded he will readily inform any 
practitioner what they are; and that 


nothing is wanting to bring them into 
general uſe, in all bilious and putrid 
fevers, but a thorough knowledge of 
| their extraordinary efficacy. 85 

The hepatic flux ſpreads very much in 
my neighbourhood. On the 22d I 
was called to a family, where the 


with this diſorder, and appeared to 
have it very much alike. They were 


| much griped, and purged more than 


5 20 


D WA oF. P, 4 


| miſtreſs and maid were both down 


Dec. 


E99 ] 


20 times in 24 hours: ſometimes 
blood in a large proportion was mixed 
with their ſtools; but the moſt trou- 
bleſome ſymptom was a violent fene 
mus. The miſtreſs took two doſes of 
Dr. Parſons's powder, and the maid 
as many of Dr. James's. At night the 
miſtreſs took an anodyne draught, and 
the maid gr. 8 pilulæ matthei, The 
next day they took ſome aſtringent 
powders, at night their anodyne, and 
the day following both were well, 
The ſmall-pox and ſwine-pox are now 
about rhe country. 
People in general very healthy. The 


ſmall-pox ſpreads but ſlowly, and is 
| very favourable, 


1757. 

Many ſudden alterations, as to heat and 

cold, have been in this month: but 

the moſt remarkable I have ever ob- 

| ſerved, was the laſt day of this month, 
when the Þ was up at 65?, and the 

next day, Feb. 1. when it was down 


| at 282, about the ſame hour in the 


day. 

be The people of Maryland were af- 
flicted laſt year with ſcarce any com- 
plaints which were not attended more 
or leſs with bilious ſymptoms ; and as 


the year advanced, the weather being 
| unuſually hot, ſuch ſymptoms grew 


more 
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more violent, and the bile more pu- 
treſcent. A bare ſtate of the many 
odd caſes that came under my care 
would fill ſeveral ſheets of paper ; but 
as my own was very particular, I ſhall 
only mention that. I was taken on the 
24th Dec. laſt with a flight fever and 
ſore throat, which continued three 
days: then the fever and fore throat 
left me; but for three nights after- 
wards I felt more uneaſineſs than I 
ever before was ſenſible of, tho' quite 
free from pain or fever. I waked, I 
ſuppoſe, at leaſt an hundred times 
each of theſe nights. If I tried to lie 
on either fide, I always turned in- 
ſenſibly on my back. When aſleep, 
my imagination was filled with the 
moſt frightful ideas that ever diſturb- 
ed an human mind ; but I could re- 
member none of them when I awoke. 
I conſtantly loſt my breath when 
aſleep ; and was waked by an hideous 
whooping noiſe, like that of a child in 
a chin-cough. I preſently fell aſleep 
again, and the ſame horrid ſcene was 
re- acted. The ſeventh night from my 
firſt attack was attended with a new 
train of ſymptoms. About three o 
clock in the morning 1 was afflicted 
with a moſt excruciating pain about 


the fifth or ſixth vertebra of the back, 


like the boring of an augre. I was 


forced to quit the bed, and, to my 
great 
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great ſurprize, was eaſy almoſt as ſoon 
as I got on my cloaths : but it return- 
ed as ſoon as I attempted to lie down 
again. This laſted 27 days, ever free 
from pain while up, and always taken 
about ſeven hours after lying down, 
either by night or day. Neither the 
Indian bath, bliſters, or any thing I 
could think of, did relieve me : but 
getting up always eaſed me. It was 
plainly a ſpaſm of the muſcle trapi- 
zeus; for if I rubbed my back ever 
ſo ſlightly, the pain would inſtantly 
remove to the muſcles of the ſternum, 
et vice verſa; yet I could never feel 
it in my fide. Whether it was leaving 
me or not, I cannot ſay: but I ſeem- 
ed to find great relief by drinking 
punch, into which Goa ſtone had 
been plentifully grated. It is very 
ftrange, that during the whole time I 
had no fever, or loſt my appetite, tho” 


I grew very weak. 


It rained almoſt every day this month : 


| 


and at this time there prevailed a diſ- 
order among the Negroes, which, I 
believe, was peculiar to them ; for I 
never heard of any white perſon's 
having it. They were taken with 
pains in their heads, necks, ſhoulders, 
breaſts, or bellies: it ſeldom conti- 
nued long in a place, till it got to the 
thigh, where the complaint would 

| form. 


801 


form into a very hard and ſenſible tu- 

mour, generally in the triceps muſcle. 
Emollient plaiſters would commonly 
remove the tumour in two days time. 
The morbific matter would give ex- 
quiſite pain in its deſcent down the 
thigh, and would collect again into a 
tumour, either in the ham, or in the 
calf of the leg. The ſame cataplaſms 
continued would repel the tumour, and 
the patient would get well uſually in 
about a fortnight. There was an high 
fever during the time. I never knew 
but one ſuppurate, tho' I have ſeen 
many in this complaint : this hap- 
pened to a Negro boy about 15 years 
old : here the matter deſcended to the 


foot, which was very troubleſome to 
heal. 


A vaſt deal of rain fell this month. 

The wetteſt and coldeſt April within 
man's memory. Impetigenous diſ- 
orders very common both in Mary- 
land and Virginia, and ſome very ob- 


7" ſtinate. 

Seaſonable and healthy. 
An uncommon wet month, The hard 
rains beat off the flour, or Farina 
fecundans, of the wheat; ſo that very 
| little of that grain was made this 
year. 

Much rain. It is very remarkable, that 
| many people, this month and the laſt, 
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in different parts of the country, were 
troubled with impoſthumations under 
the arm, all in the axilla dextra. They 
maturated, and healed up pretty eafily. 
Whether this has any affinity to the 
diſpoſition of the preſent and preceding 
year, I cannot ſay: I before obſerved, 
that almoſt every patient, in whatever 
diſorder, had more or leſs of bilious 
ſymptoms. I have ſeen more inflam- 
mations of the neck of the bladder 
this month than all my life before : 
They were cured by antiphlogiſtic 


medicines. 


Much rain, and thick foggy weather. 
Very wet. Within theſe two months I 


have ſeen five perſons, and have heard 
of many more, who were taken with 
a violent pain in the os fronzts, on the 
left fide. The pain ſoon fell into the 
Eye on the ſame fide, and occafioned 
a dimneſs : but this and the pain were 
ſoon removed by an epiſpaſtic behind 
the ear, if applied early. I was called 
to a Negro wench, who had had the 
complaint ſo long, that ſhe was totally 
blind of both eyes; which appeared, 
as in the gutta ſerena, without any 
inflammation, or viſible defect; but 
extremely painful. In her likewiſe 
the left eye was firſt affected, and 

much the moſt difficult of cure. 


Cauſtics behind the cars, and vitriolic 
M colly- 
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The morbific matter would give ex- 
quiſite pain in its deſcent down the 
thigh, and would collect again into a 
tumour, either in the ham, or in the 
| calf of the leg. The ſame cataplaſms 
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about a fortnight. There was an high 

fever during the time. I never knew 

but one ſuppurate, tho' I have ſeen 

many in this complaint : this hap- 
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Mercury. | MW: 
$|5 in different parts of the country, were 
| =|4 troubled with impoſthumations under 


the arm, all in the axilla dextra. They 
| maturated, and healed up pretty eaſily. 
TH Whether this has any affinity to the 
diſpoſition of the preſent and preceding 
| | year, I cannot ſay : I before obſerved, 
| that almoſt every patient, in whatever 
diſorder, had more or leſs of bilious 
| ſymptoms. I have ſeen more inflam- 
mations of the neck of the bladder 
| this month than all my life before : 
They were cured by antiphlogiſtic 
medicines. 
Aug. lgo[67|Much rain, and thick foggy weather. 
Sept. 8847 Very wet. Within theſe two months I 
= have ſeen five perſons, and have heard 
of many more, who were taken with 
I a violent pain in the os fronzts, on the 
| left fide. The pain ſoon fell into the 
Eye on the ſame fide, and occafioned 
a dimneſs : but this and the pain were 
14 ſoon removed by an epiſpaſtic behind 
the ear, if applied early. I was called 
to a Negro wench, who had had the | 
complaint ſo long, that ſhe was totally | 
blind of both eyes; which appeared, 1 
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collyriums, cured her : but three 
It cauſtics were put behind the left car, 
before that eye was well. 
67143 Very wet. Many horſes died this month 
of a peſtilential fever. They had the 
ſymptoms Markham deſcribes in his 
chapter of Peſtilential. Hen-dung 
infuſed in ſtale urine (which Mark- 
ham recommends) was found ſervice- 
able. Many people were ruined by the 
loſs of all their horſes : but none died 
that had plenty of the juice of rue. 
It is remarkable that no horſes had 
this diſtemper, but thoſe on the ſalts 
of the different rivers. Mr. Pollard 
| Edmunſon, a gentleman on the eaſt- 
ern ſhore of Cheſſapeak, told me, he 
loſt almoſt every horſe by this diſorder 
at his home plantation (the water there 
is falt), and not one in a foreſt paſture 
about a mile off. 
33 The diſeaſe among horſes is over. On 
the 1oth day of this month there was 
as ſevere a guſt of thunder and light- 
ning, as is common in July or Auguſt. 
| Several horſes, cattle, Fc. were killed 
in different parts. There were the 
moſt luminous coruſcations I ever 
| faw; the whole hemiſphere as it were 
7 blaze. 
28] Very variable weather: many high winds, 
and much rain. 
| XIII. 
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XIII. I Letter from Mr. Benjamin Wilſon, 
F. R. S. to the Rev. Tho. Birch, D. D. 
Secret. R. &. 


Dear Sir, 

Read Mar. 22, HE incloſed letter contains ſome 
1759. electrical experiments and obſerva- 

tions, which ſeem to merit the attention of the 

Royal Society. I with therefore you would lay it 

before them; and at the ſame time fignify, that I 

have ſeen all the experiments carefully made, and 


that the ſeveral facts therein contained are faithfully 
related. I am, 
SIR, 


Your moſt obedient humble Servant, 
WA — 1759. B. Wilſon. 


A Letter from Edward Delaval, M. A. and 
Fellow of Pembroke-Hall, Cambridge, 20 
Mr. Benjamin Wilſon, F. R. S. containing 
ſome Electrical Experiments. and Oꝶſerva 


0 


F107s. 
S I R, 
Bead he 22, I Send you a few electrical experiments 


nion, how well they eſtabliſh a convertibility, I be- 
lieve hitherto unnoticed in many ſubſtances, from 
conductors into non- conductors of the electric fluid. 


M 2 I have 


and obſervations ; and defire your opi- 
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I have filled ſeveral ſmall glaſs tubes with the dry 
powders of calcined metals, vig. ceruſs, lead aſhes, - 
minium, calx of antimony, &c. Into each end of every 
tube I put a piece of iron wire, which communicated 
with the calx, and faſtened them with wax: fo that 
the electric fluid, not being able to eſcape by means 
of the glaſs, muſt either paſs thro' the calx, or not 
at all. Upon hanging one of the wires, bent for the 
purpoſe, to the electrified bar, and holding the other 
in my hand, I obſerved that no electric matter did 
paſs the calx, the ſnaps ifluing all the while from 
the bar, or from that wire which was in contact 
with the bar. 

Animal and vegetable ſolids alſo, when reduced to 
aſhes, and interpoſed in the ſame manner between. 
two pieces of wire, do, I find, as effectually inter- 
cept the electric ſtream, as the metallic calces. 

From theſe experiments you ſee, that animal, ve- 
getable, and metallic bodies, tho ſuch known con- 
ductors of the electric fluid while in their intire 
ſtate, are eaſily changed into reſiſters or non- con- 
ductors of it. . 

I was led to attempt this change from its having 
been obſerved, that dry mould would not conduct 
the electric fluid: and from thence I ſuſpected, that 
one claſs of the non- conductors mult owe its property 
to an electrical virtue that would be found to reſide 


in the calx, or carth of the chymiſts, after it is di- 


veſted of the unctuous inflammable matter, which 


* Since I wrote this letter, I have been informed, that part of 
this firſt experiment, relating to metallic calces, has been made 
before by Dr. Watſon. See the note Phil. Tranſ. vol. xlv. p. 207. 


conſti- 
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conſtitutes, another of the chymical principles called 
ſulphur; in like manner as this ſulphur is con- 
ſtantly found highly electrical in all bodies where it 
abounds in a ſolid form, vi. reſins, wax, Cc. | 

Theſe experiments appear to verify my ſuppoſi- 
tion: for all the above-mentioned ſubſtances, which 
were thus changed into non-conductors, conſiſt either 
wholly, or in a great meaſure, of earth freed from 
the unctuous inflammable particles; the metals not 
being calcineable without a degree of heat that muſt 
diſſipate all their ſulphur, as is evident from their 
not being reducible again into their metallic form 
without the admixture of ſome unctuous matter; and 
the ſame diſſipation of their ſulphur muſe take place 
in the animal and vegetable ſubſtances, before they 
become white aſhes. 

I ſhall not at preſent attempt an account, why 
bodies conſiſting of either of theſe ſubſtances ſepa- 
rately are electric, tho it appears to me deducible 
from ſome doctrines of Sir Iſaac Newton; but 
only propoſe a thought concerning the reaſon why 
theſe two principles, calx and ſulphur, which are 
known to unite in the compoiition of almoſt all 
bodies, ſhould, notwithſtanding they are electric 
when ſeparate from each other, be yet found non- 
electric when united in one body. 

It muſt be remembred, that there is a remarkable 
and well-known oppoſition in the electrical effects 
of theſe two claſſes; the earthy one (as glaſs and 
ſtones) electrifying plus, and the ſulphureous one 
minus. Does it not ſeem then a thing to be expected, 
in a body compounded of both, that the oppoſite 
powers of theſe ingredients ſhould ccunterbailance 


and 
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and deſtroy the effects of each other, and the body 
in which the poſitive and negative ones equally pre- 
yail, become neutral, or non- electric? 


I have not ſcrupled to rank thoſe known poſitive 
electrics, glaſs and tranſparent ſtones, under that claſs 
of bodies which conſiſts of calx or earth; becauſe 
all vitrifications muſt from ious calcina- 
tions, and all calces may be vitrified in the focus of 
large burning-glafſes. The tranſparent ſtones alſo 
conſiſt of little more than pure earth, free of the 
leaſt mixture of oil, if we may judge of others by 
the chymical reſolution of cryſtal. 

There is another proceſs, natural and without 
fire, which is ſuppoſed to deſtroy the ſulphureous 
ſubſtance of metals, viz. when they are corroded, 
and moulder in the open air. Accordingly, with the 
ſame apparatus in which I tried the calcinations by 
fire, I examined the common ruſt of iron, and flake- 
white, which is the ruſt of lead, and find them 
equally converted into non-conductors in the open 
air. 

That this change, in metals particularly, is not 
owing to, or promoted by, the circumſtance of mere 
pulverization, is evident, not only becauſe the above- 
mentioned calces are equally ſtrong electrics when 
formed into hard maſſes with a thin paſte of flour 
and water, and afterwards dried, but moſt clearly 
becauſe the fineſt filings or powders of metals con- 
duct as readily as the intire ſubſtances do. I have 
glaſs tubes armed as above, and filled with the pre- 
parations called powder of tin, &c. which conduct 
as well as a wire when it is not diſcontinued. 

But notwithſtanding this change will not ſucceed 


9 in 
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in metallic ſubſtances upon mere pulverization, yet 


it ſeems to follow in moſt other hard bodies. 

Having dried a piece of Portland ſtone, I found 
it conducted perfectly well; but upon powdering, 
and ſealing it up in one of the tubes with the wire 
ends, as above, it became a perfect reſiſter, or non- 
conductor, like the metallic calces. 

I have tried the ſame experiment on a variety of 
other bodies, particularly gum arabic and allum ; 
and have reaſon to believe it will ſucceed in all 
bodies that can be pulverized in the mortar. 

Theſe laſt experiments ſeem to confirm Sir Iſaac 
Newton's doctrine of a medium ſurrounding all bo- 
dies, which you have applied to the ſolution of electric 
phenomena, and are very analogous to the experi- 
ments you made with a chain, in order to ſhew that 
the reſiſtance to the paſſage of the electric fluid may 
be increaſed by increaſing the number of ſurfaces. 

Another very extraordi means of making this 
change in bodies, which abound in caix or 
is by fire: not by the intenſe one that calcines, but 
by a moderate heat; their moſt perfect reſiſtance, or 
non- conducting property, being when their heat is 
Juſt tolerable to our hands. 

I have ſome of the ſame Portland ſtone, wrought 
into plates nearly as thin as window-glaſs, which I 
heat to a proper degree, and then coat on both ſides 
with metal, in order to make the Leyden experi- 
ment. When the ſtone is hot enough to ſinge paper, 
it conducts as perfectly as when cold; but on cooling 
a little, it begins not to conduct, and affords ſmall 
ſhocks, which gradually increaſe in ſtrength for about 
ten minutes ; at which time it is about its moſt = 

ect 


1 
fect ſtate, and remains ſo near a quarter of an hour: 
after that time the ſhocks gradually decreaſe as the 
ſtone grows cooler, till at laſt they quite ceaſe, and 
it returns to its conducting ſtate again: but this ſtate 
appears before the ſtone is quite cold. 
Experiments of this kind ſucceed in all bodies 

abounding in calx or earth, as ſtones, dried clay, 
wood when rotten or burnt in the fire till the ſurface 
becomes black. N 

Among other ſubſtances, I tried a common tobacco- 
pipe, part of which near the middle I heated to a 
proper degree, and then applied one end of it to the 
electrified bar, while the other was held in the hand; 
and I obſerved that the electric fluid paſſed no farther 
along the pipe than to the heated part. 
To theſe changes brought about with ſudden vio- 

lence, I muſt add the univerſal change going on in 
all animal and vegetable ſolids, as they are growing 
dry. Not only their aſhes reſiſt the paſſage of the 
electric fluid, but they of themſelves arrive at this 
ſtate while yet hard and intire ; and that much ſooner 
than one would imagine ; for I have bones and hard 
wood that perfectly reſiſt the paſſage, tho' yet ca- 
pable of yielding a bright flame, but ſcarce a viſible 
ſmoke: ſo that beſides an evaporation of their 
moiſture, but a partial progreſs can have been made 
in the diſcharge of their ſulphur. 

I ſubmit to your judgment, how much this con- 


vertibility may contribute to a farther knowlege of 
the laws of electricity. I am, Sir, 


Your moiſt humble Servant, 
Old Palace-Yard, 
March 15, 1759. Edwar d Delaval. 


XIV, An 
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XIV. 4» Account of the Caſe of William 
Carey, aged Nineteen, whoſe Tendons and 
Muſcles are turning into Bones. In a 
Letter to the Right Honourable the Lord 


Cadogan, F. R. S. from the Rev. William 
Henry, D. D. F. R. S. 


Caſtle- Caldwell, near Enniſkillen, 
My Lord. March . 17599. 
Read Mar. 22, AVING come hither with the 

"759 Earl of Shelburne, on a viſit to Sir 
James Caldwell and his Lady, we met with a 
young man, whoſe caſe is of ſo extraordinary a na- 
ture, that we thought it might be of public utility 
to examine into it ſtrictly, and tranſmit it to your 
Lordſhip. 

A great part of his body is, within the ſpace of 
two years, oſſified; and the oſſification is continually 
ſeizing more of the muſcles. | 
I have in the caſe barely ſet down the facts, with- 
out any reaſoning thereon. But, fo far as I can con- 
jecture, there ſeems firſt to ooze out of the joints a 
kind of jelly, which by degrees grows hard, fills up 
gradually the ſmaller veſſels, and concretes into bone. 
If it goes on, I believe within a very few years the 
man, if he can live, will be completely oſſified. 
Perhaps it may be of ſome benefit to mankind to 
have his caſe made known to the Royal Society, or 
to the College of Phyficians. Your Lordſhip's judg- 
ment will determine beſt how proper this may be. 

Vor, LI. N My 


ing into a bony ſubſtance, and dilating ſo, that his 


[90] 
My Lord Shelburne, and all his family, join in 


all pelüble reſpects with 
Your Lordſhip's 
Moſt obedient, 
and moſt humble Servant, 
William Henry, 


The CASE of WILLIAM CARE. 


HE was born in an iſland in Lough Melvill, a 
large lake in the northern point of the county 


of 1 4 in Ireland, and has continued therein, or 


in the adjacent lands, ever ſince. 
He was bred up to work as a labourer, and con- 


tinued in very good health from his birth until two 
years ago. About that time he firſt felt an unuſual 
pain in his right wriſt, which in Auguſt 1757 began 
to ſwell : this obliged him to ceaſe from his uſual 
labour. In the ſpace of a month more, this ſwelling 
grew into an hardneſs, like to a bony ſubſtance ; and 
continually ſhooting on, in 3 4 reached up as 
far as the elbow ; all the muſcles continually grow- 


wriſt and arm are twice as thick and broad as in the 
beginning. About the ſpace of a week after the 
pain began in his right wriſt, he was ſeized with the 
like pain and ſwelling in the left wriſt. This has 
ge in all reſpects in the ſame manner as in 

s right arm. The whole ſubſtance of each arm, 
from the elbow down to the wriſts, feels as if it 


The 


were one ſolid bone. 
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The — 2 —_— F „ into the 
fingers, upwards into the elbows ; ſo as alrea 
to prevent the of hes Sages © ow ce 
left arm. It has likewiſe ſhot upwards, fo as to 
ſeize the great muſcles of each arm een the el- 
bows and ſhoulders. 

The continual pain and dilatation of the arms oc- 
caſioned a burſting of the ſkin and fleſhy parts about 
each elbow in November 1758; out of which oozed 
a thin yellowiſh humour, with a little digeſted pus. 
Some of theſe breaches have healed up of them- 
ſelves. One ſmall orifice in each elbow ftill con- 
tinues to run. | 

In March 1758. he was ſeized with the like pain 
and ſwelling in his right ancle, whence ſuch another 
bony ſubſtance ſoon grew as in his arms. This bony 
ſubſtance has ſhot up from his ancle, both in the in- 
ward and outward fide of the right leg, half way 
up to the knee ; and the like bony ſubſtance has, in 
the inward fide, ſhot downward from the pan of the 
knee eight inches along the ſhin-bone, and is daily 
increaſing ; ſo that he walks with much pain and 
difficulty, and after reſting in his walk, grows very 
lame. This perſon is of a very thin habit of body, 
and in ſize five feet nine inches; ſomewhat inclined 
to an hectic, tho he has no cough. 


The above-mentioned William Carey was inſpect- 
ed, and cloſely examined, as to all the above parti- 
culars, at Caſtle-Caldwell, in the County of Ferma- 
nagh, this 1ſt Day of March 1759, by us 


This is exattly my caſe. SH ELBURNE. 


William Carey. * * 15 11 - £10 * 
ys | 
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XV. A further Account of the ſame Caſe : 

in a L otter to the Right Honourable the 
Lord Cadogan, F. R. S. from the Rev. 
William Henry, D. D. F. R. S. 


„I | 
Read June 14, T HAvE now ſtanding by me Wil- 
. . "75. | liam , the young man, of the 
offification of whoſe limbs I had the honour formerly 
to acquaint your Lordſhip: and now, in obedience 
to your commands, give an account of his caſe ſince 
that time. M2 

I had him ſent up in March laſt to Mercer's Hoſ- 
pital in this city. After examining his caſe, the 
phyſicians and ſurgeons concluded, that the only 
- probable chance to prevent the progreſs of the offifi- 
cation, and to remove the evil already effected, was 
r any into a mercurial courſe. This they tried ; 
and ſome lighter mercurial medicines, they, in 
the latter end of April, laid him down in a faliva- 
tion, thro' which he paſſed with ſafety. = 

This dried up the running ſores at his elbows, oc- 
caſioned by the burſting of the ſkin, thro the oſſifi- 
cation. Some lighter callus, which was ſhooting 
into bones, ſeems to be ſoftened: in conſequence of 
which he can move his elbows, and the joints of his 
fingers, with more eaſe ; and he has a little more 
clearneſs and vivacity in his countenance : but none 
of the offified parts are reduced, nor is there any 
appearance of their reduction; and he ſtill continues 
to wear an hectic look. To reduce the offified 22 

| ey - 
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they have applied to them mercurial plaiſters ; the 
effect of which time will ſhew.” | 

As he is now diſcharged out of the hoſpital, they 
have directed him to bathe continually in the otean, 
which happens to be very convenient to his habita- 
tion; and have directed him to anoint his limbs with 
the ſoapy juice of the quercus marina, which lies in 
plenty along the ſhore. I ſhall attend to the event 
of this proceſs, and fend your Lordſhip a particular 
account of it. e 


Jam, with all regard, 


Your Lordſhip's much obliged, 
and moſt obedient humble Servant, 
Dublin, | . - 
May 24. 1759. William Henry . 


———— — 


XVI. A Account of the Comet ſeen in May 
1759. By ]. Bevis, M. B. 


Read May 3, Y Had acquainted ſome of my friends, 
7 that it was my opinion a comet would 
hardly ariſe above our horizon of London Sunday 
April the 29th; but that probably we might ſee one 
April Zoth. | 

Sunday was very clear; but I could not ſee it. 
Monday, not fo clear: however, I ſaw what I 
took for the comet thro' the ſmoke of the town, 

about ten, near the horizon. 
Tueſday, May 1. faw it very plainly, at Mr. 
Short's, from nine to eleven. We compared it by 
f be means 


7 
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means of the equatorial inſtrument with @, 2 and e 
corvi; whence its right aſcenſion, at 8 h. 45 m. 
mean time, comes = 159* 55' 9“, and its Tuch 
declination 25 52" 14“. 

Wedneſday, May 2d, obſerved it again at Mr. 
Siflon's in the Strand, with a ſector of 5 feet radius, 
and compared it with /3 cor vi; whence, at ꝙ h. 6 m. 
mean time, its right aſcenſion 158747 37”, and its 
ſouth declination 22® 19/ 23”. The moon 
had now much wad Br the light of the comet, 
ſo that the tail and nucleus could not be 2 
as laſt night. 

I think I may now venture to pronounce this to 
be the ſame as the comet of 1682; and am about 
making out its future track. If I preſume rightly, 
it will in a ſhort time become in a manner ſtatio | 
but diminiſh very faſt both in ſize and light; the 
earth and it both receding from each other almoſt in 
a right line. It is at this time about four times 
nearer to the earth than the ſun is 


May 5 759. . J. Bevis. 


An Account of the * Comet : By Nicolas 
Munckley, E/q; Communicated by Ni- 
colas Munckley, M. D. F. R. 8. 


Read May z, H E firſt certain view I had of any 
"790 appearance, which could be the 
expected comet, was on the evening of the zoth of 
April, about S. S. W. a little lower than the middle 
ef Hydra, But I did not attempt to gas its 
place 
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lace with any preciſion, till a ſecond obſervation 
bad made me more fully ſatisfied of its being the 
phænomenon I wiſhed it. 

The following eg May 1ſt, its place about 
ten o clock (as well as I was able to fix it with no 
better aſſiſtance than a common globe, a quadrant, 
and Senex's planiſphere) was, right aſcenſion about 
160 deg. declination a little more than 25 deg. S. 


in a part of the heavens not formed into any con- 


ſtellation, about 9 deg. below the ſtar in Crater, 
mark d in Bayer's catalogue æ, and neareſt to » in 
Mara; which laſt ſtar was about 3 deg. to the eaft 
of the comet. It is a luminous appearance, very 
evident to the naked eye (notwithſtanding the light 
of the moon, within two or three days of her qua- 
drature), yet rather dim than ſplendid ; large, but 
very ill dekned. The teleſcope, at the ſame time it 
magnifies it, ſeems to render it more obſcure. The 
nucleus appears to me to be rather furrounded with 
a circular hazineſs, than to have a tail in any parti- 
cular direction, eſpecially as ſeen thro a teleſcope. 


14 = Nicolas Munckley. 


P. S. The 2d of May I faw the comet again very 
diſtinctly with the naked eye; but being then in 
London, without either globe or planſphere, 1 
did not pretend to ſettle its place. 

The cloudineſs of the evenings prevented my 
ſeeing the comet any more till the 5th and 6th of 

May : and on theſe days partly thin clouds, and 

partly the increaſing light of the moon, rendered 


it much leſs eaſily diſcernible, both by the naked 


eye 


961 
eye and in the teleſcope. As the ſame cauſes ob- 
ſcured almoſt all the ſtars near it, I had great dif- 
ſiculty in fixing its place on the globe. It ap- 
pears however, now, evidently, to be moving 
contrary to the order of the ſigns, and more con- 
ſiderably northwards, 7. e. ſlowly retrograde, with 
a decreaſing ſouth latitude. 


Ham | 2 | N. M. 
May 1759. 


XVII. A Catalogue of the Fifty Plants from 
Chelſea Garden, preſented to the Royal 
Society by the wor ſbipful Company of Apo- 
5 thecaries, for the Ye » purſuant to 


ear 17 
the Direction of Sir Hans Sloane, Baronet, 
Med. Reg. & Soc. Reg. nuper Preſes, by 
John Wilmer, M. D. clariſſ. Societatis 
Pbarmaceut. Lond. Socius, Hort. Chelſean. 
Præſectus & Prælector Botanic. 


Read May 3, 71801 
1759. 
- 1802 #gilops Lobelii. 
1803 Ambroſia maritima. C. B. 138. Ambroſia 
quibuſdam. J. B. 3. 190. 
1804 Arum Zeylanicum humile latifolium, piſtillo 
purp. Miller. | 
1805 Aſtragalus cauleſcens erectus piloſus, floribus 
ſpicatis, leguminibus ſubulatis piloſis, Lin. 
' Sp. Pl. 756, | 


: : mr eronafe 
Cinos Syriaca, folio tenuiore, 


capſulis hirſutis. Mor. Hiſt. 


1806 


(>) 
1971 
1806 Ceraſtium, floribus pentandris, petalis integris, 
Loefl. Deſc. 26. 
1807 Chenopodium foliis lanceolatis carnoſis, co- 
rymbis dichotamis ſpinoſis, Lin. Sp. Plant. 
221. 


1808 Chironia fruteſcens capſulifera, Lin. Sp. Plant. 


190. 

1809 Clethra Linnzi Alnifolia Americana ſerrata, flo- 
ribus pentapetalis albis, in ſpicam diſpoſitis, 
Pluk. Alm. p. 18. tab. 115. fig. 1. Cateſby, 
vol. 1. p. 66. tab. 66. | 

1810 Clinopolium orientale origani folio, fl. mini- 
mo, T. Cor. 

1811 Delphinium neQariis dyphillis, labellis integris, 
floribas ſubſolitariis, foliis compoſitis line- 
ari-multipartitis, Hort. Upſal. Delphinium 
elatius ſubincanum perenne, flor. amplis 
azureis, Amman. 132 

1812 Doria Americana lato rigido folio, Boerh. Ind. 
Alt. 98. Virga aurea ex Nova York, foliis 

ympfit majoris hirſutis, Schol. Botan. Par. 

1813 Gallium album linifolium, Barrel. obſ. 99. 

1814 Galium caule erecto, foliis quaternis lanceo- 
latis trinerviis, Fl. Lap. 60. Gallium album 
quadrifolium erectum, Celſ. iy ca 22. 

1815 Galeopſis, five Urtica iners, flore luteo, J. B. 

1816 Geniſta ramis ancipitibus articulatis, foliis ova- 

to-lanceolatis, Hort. Cliff. 355. 

1817 Geranium Batrachoides Americanum macula- 
tum, floribus obſolete purpureis, Hort. Elt. 

| 158. | | 

1818 Geranium pedunculis ſubunifloris, foliis quin- 
quepartitis acutis, foliolis pinnatifidis, Lin. 
Sp. Pl. 685. 

Vor. LI. 


O N 1819 Gla- 
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1819 Gladiolus follis linearibus ſulcatis, caule bifloro, 
ftubo longiſſimo, ſegmentis æqualibus, Mil- 
ler's Dict. 
1820 Glycyrrhiza ſiliquoſa, vel Germanica, C. B. 
| P. 352. | . 

1821 Hydrangea, flor. Virgin. 50. 

1822 Lamium foliis caulem ambientibus, C. B. 
5 . 3 

1823 Los orientalis, fructu rotundiori obtuſo, T. 
586. Cedrus magna ſive Libani conifera, 
J. B. 1. 277. | 

1824 Lotus maritima lutea filiquoſa, folio pingui 
glabro, Bot. Monſp. 

1825 Lychnis ſaponaria dicta folio convoluto, Gen- 
tiana concava, Ger. 253. | 

1826 Mandragora fructu rotundo, C. B. 169. Off. 

oo. 

1827 Meſpilus ſpinoſa, pyri folio, H. Leyd. Pyra- 
cantha quibuſdam. J. B. 151. 

1828 Meſpilus foliis lanceolatis ſerratis, ſpinis ro- 
buſtioribus, floribus corymboſis, Miller's Ic. 

1829 Meſpilus foliis cordato-ovatis, acuminatis, mar- 
ginibus acute ſerratis, ramis ſpinoſis, Mil- 
ler's Ic. | | 

1830 Mitella ſcapo nudo, Hort. Cliff. 167. 

1831 Oenothera foliis radicalibus ovatis, caulinis lan- 
ceolatis obtuſis, capſulis ovatis ſulcatis, Mil- 
ler's Icons. 

1832 Onobrychis major, filiculis echinatis, criſtatis, 
in ſpica digeſtis, Mor. Hiſt. 2. 131. 

Onobrychis folus viciz, fructu echinato, major, 
C. B. 350. 

1833 Orobus foliis conjugatis ſubſeſſilibus, ſtipulatis, 

dentatis, Hort, Upſal, 220, 


Lathy- 
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Lathyroi 


ides erecta, folio ovato acuminato, cæ- 
ruleis viciæ floribus, et ſiliquis Siberica, Am- 
man. Ruth. 151. T. 7. F. 2. | 
1834 Padus foliis oblongo-ovatis ſem per virentibus 
eglanduloſis, Miller's Icons. 
Lauroceraſus Luſitanica minor Azarero Lufita- 
norum, Tourn. Inſt. R. H. 628. 
1835 Polemonium foliis pinnatis radicibus repta- 
tricibus, Flor. Virgin. 22. 
1836 Pulmonaria calycibus abbreviatis, foliis lanceo- 
latis obtuſiuſculis, Lin. Sp. Pl. LL - -- 
Pulmonaria non maculoſa foliis olabris, Ame- 


- ricana flore patulo cæruleo, Pluk. Phyt. 
Tab. 227. Fig. 6. 


1837 Salicornia, T. Cor. 51. Kali geniculatum, Ger. 
Em. 535. 


1838 Senecio corollis radiantibus, foliis crenatis, in- 


fimis cordatis petiolatis, ſuperioribus pinna- 
tifidis lyratis, Flor. Virgin. 


1839 Serratula, C. B. P. 23 5. Jacea nemorenſis, 
quæ Serratula vulgo, T. 444. 
1840 Serratula foliis oblongo-ovatis, obtuſe dentatis, 


caule ramoſo patulo, calycibus ſubrotundis 
mollibus, Miller's Dict. 
1841 Spartium ramis oppoſitis angulatis, foliis op- 
poſitis ſubulatis, Lin. Sp. Pl. 708. 
1842 Spiræa Africana odorata, foliis piloſis, Com. 
rar. 3. 
1843 Stramonium Americanum maximum, flore al- 
bo, fructu rotundo ſpinoſo, Tourn. 
1844 Filia foliis molliter hirſutis, viminibus rubris, 
fructu tetragono, Ray, Synop. 2. 316. 
Tilia hirſuta coryli foliorum æmula, fructu 
8 Pluk. Mant. 181. 
O 2 1845 Tril- 
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1845 W * flore pedunculato cernuo, Lin. Sp. 
F 339. 

184.6 "_— montana ſubrotundo folio, C. B. P. 
165. | 

1847 Vicia pedunculis multifloris, petiolis polyphil- 
lis, foliolis lanceolatis glabris, Hort. Upſal , 
219. 

1848 Vicia ſylvatica multiflora maxima perennis, 

tetro odore, floribus albentibus, lineis cæru- 

b leis ſtriatis, Pluk. Alm. 387. 

1849 Vinca foliis oblongo-ovatis integerrimis, tubo 
floris longiſſimo, caule vamoſo fruticoſo, 
Miller's Icon. 

1850 Xanthium, five Lappa minor, J. B. 3. 572. 

Lappa _ five Xanthium Dioſcorid. C. 
B. P. 199. 
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XVIII. As experimental Enquiry concerning 
the natural Powers of Water and Wind to 
turn Mills, and other Machines, depending 


an a circular Motion. By Mr. J. Smeaton, 
F. R. &. 


Read May 3, NIX HAT I have to communicate on 
. y y this ſubje& was originally deduced 
from experiments made on working models, which 
I look upon as the beſt means of obtaining the out- 
Ines in mechanical enquiries. But in this caſe it 
is very neceſſary to diſtinguith the circumſtances in 
which a model differs from a machine in large; 
otherwiſe a model is more apt to lead us from _ 
. | trut 
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truth than towards it. Hence the common obſerva- 
tion, that a thing may do very well in a model, that 
will not anſwer in large. And indeed, tho' the ut- 
moſt circumſpection be uſed in this way, the beſt 
ſtructure of machines cannot be fully aſcertained, 
but by making trials with them, when made of their 
proper fize. It is for this reaſon, that, tho the mo 
dels referred to, and the greateſt part of the follow- 
ing experiments, were made in the years 1752 and 
1753, yet I deferred offering them to the Society, 
till I had an opportunity of putting the deductions 
made therefrom in real practice, in a variety of eaſes, 
and for various purpoſes; ſo as to be able to ature 
the Society, that I have found them to anſwer. 


FARE 


Concerning UNDERSHOT WATER-WiHEELs, 


PLATE IV. Fig. 1. 1s a perſpective view of the ma- 
chine for experiments on water-wheels ; wherci1 
ABCD is the lower ciſtern, or magazine, for re- 

ceiving the water, after it has quitted the wheel; 
and for ſupplying 
DE the upper ciftera, or head ; wherein the water 
being raiſed to any height required, by a pump, 
that height is ſhewn by _ 
F G, a ſmall rod, divided into inches and parts ; 
with a float at the bottom, to move the rod up 
and down, as the ſurface of the water riſes and 
falls. 
HI is a rod by which the ſluice is drawn, and ſtopt 
at any height required, by means of 
K a pin or peg, which fits ſeveral holes, placed 
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in the manner of a diagonal ſcale, upon the face 

of the rod HL 
G L is the upper part of the rod of the pump, for 
drawing the water out of the lower ciſtern, in 
order to raiſe and keep up the ſurface thereof 
at its deſired height, in the head D E ; thereby 


to ſupply the water, expended by the aperture 
of the ſluice. 


MM is the arch and handle for working the pump, 
which is limited in its ſtroke by 

N a piece for ſtopping the handle from railing the 

piſton too high ; that alſo being prevented from 


going too low, by meeting the bottom of the 
barrel. 


O is the cylinder, upon which a cord winds, and 
which being conducted over the pullies P and 
Q, raiſes | | 

R, the ſcale, into which the weights are put, for 

ing the power of the water. 

S T the two ſtandards, which ſupport the wheel, 
are made to ſlide up and down, in order to ad- 
juſt the wheel, as near as poſſible, to the floor 
of the conduit. | 5 

W the beam which ſupports the ſcale and pul- 
lies; this is repreſented as but little higher than 

the machine, for the ſake of bringing the figure 
into a moderate compaſs, but in reality is placed 
15 or 16 feet higher than the wheel. 


PLATE V. Fig. 2. is a ſection of the ſame machine, 
wherein the ſame parts are marked with the ſame 
letters as in Fig. 1. Beſides which 
XX is the pump barrel, being 5 inches diameter, 
and 11 inches long. 
Y 1s 
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in the manner of a diagonal ſcale, upon the face 
of the rod HI. | 
GL is the upper part of the rod of the pump, for 
drawing the water out of the lower ciſtern, in 
order to raiſe and keep up the ſurface thereof 
at its deſired height, in the head D E; thereby 


to ſupply the water, expended by the aperture 
of the ſluice. 


MM is the arch and handle for working the pump, 
which is limited in its ſtroke by 
N a piece for ſtopping the handle from raiſing the 
piſton too high ; that alſo being prevented from 


going too low, by meeting the bottom of the 
barrel. 


O is the cylinder, upon which a cord winds, and 
which being conducted over the pullies P and 
Q, raiſes 5 

R, the ſcale, into which the weights are put, for 

ing the power of the water. 

8 T the two ſtandards, which ſupport the wheel, 
are made to ſlide up and down, in order to ad- 
juſt the wheel, as near as poſſible, to the floor 
of the conduit. | 

W the beam which ſupports the ſcale and pul- 
lies; this is repreſented as but little higher than 
the machine, for the ſake of bringing the figure 
into a moderate compaſs, but in reality is placed 
15 or 16 feet higher than the wheel. 


PLATE V. Fig. 2. is a ſection of the ſame machine, 
wherein the ſame parts are marked with the ſame 
letters as in Fig. 1. Beſides which 

X X is the pump barrel, being 5 inches diameter, 

and 11 inches long. 
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is the piſton; and 

Z the fixed valve. 

G V is a cylinder of wood, fixed upon the pump- 
rod, and reaches above the ſurface of wa- 
ter; this piece of wood being of ſuch a thick- 
neſs, that its ſection is half the area of that of the 
pump- barrel, will cauſe the ſurface of water to 
riſe in the head, as much while the piſton is 
deſcending, as while it is rifing : and will there- 

by keep the gauge-rod F G more equally to its 

height. Note, the arch and handle MM is here 
repreſented on a different ſide to what it is ſhewn 
in the preceding; figures, in order that its dimen- 
ſions may the better appear. 

a a ſhews one of the two wires which ſerve as di- 

rectors to the float, in order that the gauge rod 
FG may be kept perpendicular ; for the ſame 
urpoſe alſo ſerves ww, a piece of wood with a 
hole to receive the gauge-rod, and keep it up- 

right. | | | 

b is the aperture of the ſluice. 
cc a kant-board, for throwing the water more di- 
rectly down the opening c d, into the lower 
ciſtern: and 

ce is a ſloping board, for bringing back the water 

that is thrown up by the floats of the wheel. 


Fig. 3. repreſents one end of the main axis, with a 
ſection of the moveable cylinder, marked O in the 
preceding figures. | 

ABCD is the end of the axis; whereof the parts 

B and D are covered with ferrules or hoops of braſs. 

E is a cylinder of metal ; whereof the part marked 
F 1s 


[ 204 ] 

F is the pivot or gudgeon. 

ce is the ſeftion Sf 4 hollow cylinder of wood, 

the diameter of the interior part being ſome- 

what larger than the cylindrical ferrule B. 

4 a is the ſection of a ferrule of braſs, driven into 
the end of the hollow cylinder, and which is 
adjuſted to that marked B, fo as to flide freely 
thereupon, but with as little ſhake as poſſible. 

bb, d d, g g, repreſent the ſection of a braſs ferrule, 
plate, and ſocket, fixed upon the other end of 
the hollow cylinder; the ſocket 4 d being ad- 
juſted to ſlide freely upon the cylinder E, in the 
ſame manner as the ferrule a a ſlides upon the 
cylinder B : the outer end of the ſocket at 

27g is formed into a ſort of button; by puſhing 
whereof, the hollow cylinder will move back- 
wards and forwards, or turn round at pleaſure 
upon the cylindrical parts of the axis B and E. 

ee, 11, 00, repreſent the ſection of a braſs ferrule, al- 
ſo fixed upon the hollow cylinder : the edge of 
this ferrule 

ee is cut into teeth, in the manner of a contrate 
wheel; and the edge thereof | 

00 is cut in the manner of a ratchett. _. 

Of conſequence, when the plate 5 4d is 
puſhed cloſe to the ferrule D, the teeth of the 
ferrule ee will lay hold of — 

G, a pin fixed into the axis; by which means the 
hollow cylinder is made to turn along with the 
wheel and axis: but being drawn back by the 
button gg, the hollow cylinder is thereby diſ- 
engaged from the pin G, and ceaſes turning. 
Note. The weight in the ſcale is prevented 

from 


a | 


Ls] 

from running back; by u catch that plays in 

and lays hole of the Is 00. m_ 

By this means the hollow cylinder upon which 
the cord winds, and raiſes the weight, is put in 
action and diſcharged therefrom inſtantaneouſly, 
while the wheel is in motion: for without ſome 
contrivance of this kind, it would not be eaſy 
to make this ſort of experiments with any to- 
lerable degree of exactneſs. 


The uſe of the apparatus now deſcribed will be 
rendered more intelligible, by giving a general idea 
of what I had in view ; but as I ſhall be obliged to 
make uſe of a term which has heretofore been the 
cauſe of diſpntation, I think it neceſſary to aſſign the 
ſenſe in which I would be underſtood to uſe it ; and 
in which I apprehend it is uſed by practical Mecha- 
nic ks. 


The word Paver, as uſed in practical mechanicks, 


J apprehend to fignify the exertion of ſtrength, gra- 


vitation, impulſe, or preſſure, ſo as to produce mo- 
tion: and by means of ſtrength, gravitation, im- 
pulſe, or preſſure, compounded with motion, to be 
capable of producing an effect: and that no effect is 


properly mechanical, but what requires ſuch a kind 


of power to uce it. 

The ad ger; a weight, relative to the height to 
which it can be raiſed in a given time, is the moſt 
proper meaſure of power ; or, in other words, if the 
weight raiſed is multiplied by the height to which 
it can be raiſed in a given time, the product is the 
meaſure of the power raiſing it; and conſequently, 
all thoſe powers are equal, whoſe products, made by 

Vor. LI. 1 ſuch 
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ſuch multiplication, are equal: for if a power can 
raiſe twice the weight to the ſame height; or the 
ſame weight to twice the height, in the ſame time 
that another power can, the firſt power is double the 
ſecond : and if a power can raiſe half the weight to 
double the height ; or double the weight to half the 
height, in the ſame time that another can, thoſe two 
powers are equal. But note, all this is to be under- 
ſtood in caſe of flow or equable motion of the body 
raiſed ; for in quick, accelerated, or retarded mo- 
tions, the vis inertiæ of the matter moved will make 
a variation. 

In comparing the effects produced by water- 
wheels, with the powers producing them ; or, in 
other words, to know what part of the original 
power is neceſſarily loſt in the application, we muſt 
previouſly know how much of the power is ſpent 
in overcoming the friction of the machinery, and 
the reſiſtance of the air; alſo what is the real velo- 
city of the water at the inſtant that it ſtrikes the 
wheel ; and the real quantity of water expended in 
a given time. 
| From the velocity of the water, at the inſtant that 
it ſtrikes the wheel, given; the height of head pro- 
ductive of ſuch velocity can be deduced, from ac- 
Eknowleged and experimented principles of hydroſta- 
tics : ſo that by multiplying the quantity, or weight 
of water, really expended in a given time, by the 
height of head fo obtained; which muſt be conſi- 
dered as the height from which that weight of wa- 
ter had deſcended in that given time ; we ſhall have, 
a product, equal to the original power of the water 
and clear of all uncertainty, that would ariſe from 
the friction of the water, in paſſing ſmall apertures ; 

and 
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and from all doubts, arifing from the different mea- 
ſure of ſpouting waters, aſſigned by different authors. 
On the other hand, the ſum of the weights raiſed 
by the action of this water, and of the weight re- 
quired to overcome the friction and reſiſtance of the 
machine, multiplied by the height to which the 
weight can be raiſed in the time given, the product 
will be equal to the effect of that power; and the 
proportion of the two products will be the propor- 
tion of the power to the fel: fo that by loading 
the wheel with different weights ſucceſſively, we 
ſhall be able to determine at what particular load, 
and velocity of the wheel, the effect is a maximum. 

The manner of finding the real velocity of the 
water, at the inſtant of its ſtriking the wheel ; the 
manner of finding the value of the friction, refiſt- 
ance, &c. in any given caſe; and the manner of 
finding the real expence of water, ſo far as con- 
cerns the following experiments, without having re- 
courſe to theory; being matters upon which the fol- 
lowing determinations depend, it will be neceſſary 
to explain them. 


To determine the Velocity of the Water ftriking the 
Wheel. 


It has already been mentioned, in the references 
to the figures, that weights are raiſed by a cord 
winding round a cylindrical part of the axis. Firſt, 
then, let the wheel be put in motion by the water, 
but without any weights in the ſcale ; and let the 
number of turns in a minute be 60: now it is evi- 
dent, that was the wheel free from friction and reſiſt- 
ance, that 60 times the circumference of the wheel 


P 3 would 
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would be the ſpace through which the water would 
have moved in a minute; with that velocity where- 
with it ſtruck the wheel: but the wheel being in- 
cumbred by friction and reſiſtance, and yet moving 
60 turns in a minute, it is plain, that the velocity 
of the water muſt have been greater than 60 cir- 
cumferences before it met with the wheel. Let 
now the cord be wound round the cylinder, but 
contrary to the uſual way, and put a weight in 
the ſcale; the weight ſo diſpoſed (which may be 
called the counter-werght) will endeavour to aſſiſt the 
wheel in turning the ſame away, as it would have 
been turned by the water : put therefore as much 
weight into the ſcale as, without any water, will 
cauſe it to turn ſomewhat faſter than at the rate of 
60 turns in a minute; ſuppoſe 63: let it now be 
tried again by the water, aſſiſted by the weight ; the 
wheel — will now make more than 60 turns; 
fappoſe 64: hence we conclude the water ſtill ex- 
erts ſome power in giving motion to the wheel. Let 
the weight be again increaſed, ſo as to make 645 
turns in a minute without water: let it once more 
be tried with water as before; and ſuppoſe it now 
to make the ſame number of turns with water as 
without. viz. 64: hence it is evident, that in this 
caſe the wheel makes the ſame number of turns in 
a minute, as it would do if the wheel had no fric- 
tion or refiſtance at all ; becauſe the weight is equi- 
valent thereto; for was it too little, the water would 
accelerate the wheel beyond the weight; and if too 
great, retard it; fo that the water now becomes a 
regulator of the wheel's motion; and the velocity 


of its circumference becomes a meaſure of the velo- 
city of the water. 


In 
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In like manner, in ſeeking the greateſt product, 


or maximum of effect; having found by trials what 
weight gives the greateſt product, by ſimply multi- 
plying the weight in the ſcale by the number of turns 
of the wheel, find what weight in the ſcale, when 
the cord is on the contrary fide of the cylinder, will 
cauſe the wheel to make the ſame number of turns 
the ſame way, without water ; it is evident that this 
weight will be nearly equal to all friction and reſiſt- 
ance taken together ; and conſequently, that the 
weight in the ſcale, with twice * the weight of the 
ſcale, added to the back or counter-weight, will be 
equal to the weight that could have been raiſed, ſup- 
poſing the machine had been without friction or re- 
ſiſtance; and which multiplied by the height to 
which it was raiſed, the product will be the greateſt 
effect of that power. 


The quantity of water expended is found thus : 


The pump made uſe of for repleniſhing the head 
with water was fo carefully made, that no water 
eſcaping back by the leathers, it delivered the fame 
quantity of water at every ſtroke, whether worked 
quick or flow ; and as the length of the ſtroke was 
limited, conſequently the value of one ftroke (or on 
account of more exactneſs 12 ftrokes) was known, by 
the height to which the water was thereby raiſed in 
the head ; which being of a regular figure was eaſily 
meaſured. The ſluice, by which the water was drawn 
upon the wheel, was made to ſtop at certain heights 


by a peg ; ſo that when the peg was in the ſame hole, 


* The weight of the ſcale makes part of the weight both ways. 
| the 
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for the effluent water was the ſame 


the aperture 
Hence the quantity of water expended by any given 
head, and opening of the ſluice, may be obtained: for 
by obſerving how many ſtrokes a minute was ſuffi- 
cient to keep up the ſurface of the water at the given 
height, and multiplying the number of ſtrokes by the 
value of each, the water expended by any given 
aperture and head in a given time will be given. 

Theſe things will be further illuſtrated by going 
over the calculus of one ſett of experiments. 


Specimen of a Sett of Experiments. 


The fluice drawn to the 1ſt hole. 

The water above the floor of the ſluice 30 Inches, 

Strokes of the pump in a minute — 391 

The head raiſed by 12 ſtrokes — 21 Inches. 

The wheel raiſed the empty ſcale, and made turns 
in a minute 80 

With a counter-weight of 1 1b. 8 oz. it made 8 5 

Doe tried with water — 86 


Ne Ow Turns in a min. Product. 
» OZ 
„ ͤ 45 200 
3 — 6 o — 364 — 2171 
| - b . Bn  H- 
5 — 8 oO — 30 — 240 maximum. 
6 — 9 oO — 264 — 238 
7 — 10 0 — 22 — 220 
8 — 11 © — 1614 — 181+ 
g — 12 * ceaſed working. 
N. B. When the wheel moves ſo ſlow as not to rid the wa- 
ter ſo faſt 


as ſupplied by the fluice, the accumulated water falls 
pon the aperture, and the wheel immediately ceaſes moving. 


Counter 


g 
f 
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Counter- weight, for 30 turns without water, 2 oz. in 
the ſcale. | 
N. B. The area of the head was 105, 8 ſquare inches. 
Weight of the empty ſcale and pulley, 10 oz. 
Circumference of the cylinder, 9 inches. 
Circumference of the water-whee], 75 ditto. 


Reduction of the above Sett of Experiments. 


The circumference of the wheel, 75 inches, mul- 
tiplied by $6 turns, gives 6450 inches for the velo- 
city of the water in a minute; zy of which will be 
the velocity in a ſecond, equal to 107,5 inches, or 
8,96 feet, which is due to a head of 15 inches *; 
and this we call the virtual or effective head. 

The area of the head being 105, 8 inches, this 
multiplied by the weight of water of the inch cubic, 
equal to the decimal „579 of the ounce avoirdupoiſe, 
gives 61, 26 ounces for the weight of as much water, 
as is contained in the head, upon 1 inch in depth, 
77 of which is 3,83 pounds; this multiplied by the 
depth 21 inches, gives 80, 43 Ib. for the value of 12 
ſtrokes ; and by proportion, 395 (the number made 
in a minute) will give 264,7 Ib. the weight of wa- 
ter expended in a minute. 

Now as 264, 7 Ib. of water may be conſidered as 
having deſcended through a ſpace of 15 inches in a 
minute, the product of theſe two numbers 3 970 will 
expreſs the power of the water to produce mechanical 
effects; which were as follows. 


— —— — —— 


* This is determined upon the common maxim of hydroſtatics, 
that the velocity of ſpouting waters is equal to the velocity that 
an heavy body would acquire in falling from the height of the 
reſervoir ; and is proved by the riſing of jets to the height of their 
reſervoirs nearly. 

The 


L112 
he velocity of the wheel at the maximum, as ap- 
pears above, was 30 turns a minute; which thul- 
tiplied by 9 inches, the circumference of the cylin- 
der, makes 270 inches; but as the ſcale was hung 
by a pulley and double line, the weight was only 
raiſed half of this, v/z. 135 inches. 
The weight in the ſcale at the maximum 8/6. 092, 
Weight of the ſcale and pulley —— 0 10 
Counterweight, ſcale, and pulley — 0 12 


Sum of the refiſtance —— — 9 6 
| or lb. 9,375. 
Now as 9,375 Ib. is raiſed 135 Inches, theſe two 
numbers being multiplied together, the product is 
1266, which expreſſes the effect produced at a ma- 
ximum : ſo that the proportion of the power to the 
effeft is as 3970: 1266, or as 10: 3, 18. 

But tho this is the greateſt ingle effect producible 
from the power mentioned, by the impulſe of the 
water upon an underſhot wheel; yet, as the whole 
power of the water is not exhauſted thereby, this 
will not be the true ratio between the power of the 
water, and the /m of all the efefs producible 
therefrom : for as the water muſt neceſſarily leave the 
wheel with a velocity equal to the wheel's circum- 
ference, it is plain that ſome part of the power of 
the water muſt remain after quitting the wheel. 

The velocity of the wheel at the maximum is 30 
turns a minute ; and conſequently its circumference 
moves at the rate of 3,123 feet a ſecond, which an- 
ſwers to a head 1,82 inches; this being multiplied 
by the expence of water in a minute, vzz. 264,7 Ib. 
produces 481 for the power remaining in the water 
after it has paſſed the wheel: this being therefore 

deducted 
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deducted from the original power 3970, leaves 3439, 


which is that part of the power which is ſpent in 
producing the effect 1266; and conſequently the 
part of the power ſpent in producing the effect, is to 
the greateſt effect producible thereby as 3489: 1266 
:: 10: 3,02,0r as 11 to 4. | 

The velocity of the water ſtriking the wheel has 
been determined to be equal to 86 circumferences of 
the wheel per minute, and the velocity of the wheel 
at the maximum to be 30; the velocity of the water 
will therefore be to that of the wheel as 86 to 30, or 
as Io to 3,5, or as 20 to 7. | 

The load at the maximum has been ſhown to be 
equal to 9 1b. 60z. and that the wheel ceaſed move- 
ing with 12 lb. in the ſcale : to which if the weight 
of the ſcale is added, vig. 10 ounces , the propor- 
tion will be nearly as 3 to 4 between the load at the 
maximum and that by which the wheel is ſtopped. 


It is ſomewhat remarkable, that tho' the velocity 
of the wheel in relation to the water turns out greater 
than 3 of the velocity of the the water, yet the im- 
pulſe of the water in the caſe of a maximum is more 
than double of what is aſſigned by theory; that is, 
inſtead of 3 of the column, it is nearly equal to the 
whole column. | 

It muſt be remembred, therefore, that, in the pre- 
ſent caſe, the wheel was not placed in an open river, 
where the natural current, after it has communicated 
its impulſe to the float, has room on all fides to eſ- 
cape, as the theory ſuppoſes; but in a conduit or 
* The reſiſtance of the air in this caſe ceaſes, and the friction 
is not added, as 12 lb. in the ſcale was ſufficient to ſtop the wheel 


after it had been in full motion; and therefore ſome what more 
than a counterbalance to the impulſe of the water. 


Ver. LL. * '; - 
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race, to which the float being adapted, the water 
cannot otherwiſe eſcape than by moving along with 
the wheel. It is obſervable, that a wheel working 
in this manner, as ſoon as the water meets the float, 
receiving a ſudden check, it riſes up againſt the float, 
like a wave againſt a fixed object; inſomuch that 


when the ſheet of water is not a quarter of an inch 
thick before it meets the float, yet this ſheet will 
act upon the whole ſurface of a float, whoſe height 
is 3 inches; and conſequently was the float no higher 
than the thickneſs of the ſheet of water, as the the- 
ory alſo ſuppoſes, a great part of the force would have 
been loſt, by the water's daſhing over the float *. 

In further confirmation of what is already deli- 
vered, I have adjoined the following table, contain- 
ing the refult of 27 ſetts of experiments, made and 
reduced in the manner above ſpecified. What re- 
mains of the theory of underſhot wheels, will natu- 
rally follow from a compariſon of the different ex- 

periments together, 


* Since the above was wrote, I find that Profeſſor Euler, in the 
Berlin Acts for the year 1748, in a memoire intitled, Maxims pour 
. N le plus avantageu/ment les machines 2 a elever 1 eau 

moyen de es, 192. $9. has the following p 3 
| Fbich ſeems 2983 2 b as I don't ad he hee 
given any demonſtration of the principle therein contained, either 
from theory or experiment; or has made any uſe thereof in his 
calculations on this ſubject.—— Cependant dans ce cas puiſque 
«© Feau eſt reflechie, & qu'elle decoule ſur les aubes vers les cotes, 
elle y exerce encore une force particuliere, dont l'effet de Fim- 
4 pulſion ſera augmente ; & experience jointe a la theorie a fait 
<* voir que dans ce cas, la/ force eſt preſque double: de ſorte 
« qu'il faut prendre le double de le ſection du fil d' eau pour ce 
% qui repond dans ce cas a le ſurface des aubes, pourvu qu'elles 
<« ſoient aſſea larges pour recevoir ce ſupplement de force. Car ſi 
les aubes netoient plus larges que le fil, on trait d' eau on ne 
<« devroit prendre que ne ſimple ſection, tout comme dans le pre- 
« mier cas, on Vaube toute entire eſt pappee par Veau.” 
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Maxims and Obſervations deduced from the foregoing 
Table of Experiments. 


Maxim I. That the virtual or effetive head being 
the ſame, the eſfect will be nearly as the quantity of 


water expended. 


This will appear by comparing the contents of the 


columns 4, 8, and 10, in the foregoing ſetts of ex- 
periments ; as for 


| Example 1/t, taken from No. 8. and 25, viz. 
| No, Virtual Head, Water expended. Effect. 
— 7,29 —— 161 —— 328 
2— — 
Now the heads being equal, if the effects are pro- 
portioned to the water expended, we ſhall have by 
maxim iſt, 161: 355 :: 328: 723; but 723 falls 
ſhort of 785, as it turns out in experiment according 
to N. 25, by 62; the effect therefore of N. 25, 


compared with N. 8, is greater than according to 
the preſent maxim in the ratio of 14 to 13. 


The foregoing example, with four ſimilar ones, 
are ſeen at one view in the following Table. 


N 


| 0 be | | 825 * Wu * : 3 
— 8 2828 | Compariſon, 1 I — 8 | 
=> 8 = | A -= © &«< 
>Ti'macl dd | _—= l&8z| 
luch. 1b. | | | 5 
7,2) | 161 | 328 ; 3 N EE: 
7,20 | 355 | 785 61355 328: 723 | 62Þ | 14 : 15 
tO, 288 N 5 
wg. { 357 1,975 285 : 357: 975: 1221 | 11— 121:122 


| 6.8 [332 885 1255 332 :: 541: 7204 18— | 38: 39 


1 228: 262:: 317 : 364 | 21+ | 18: 17] 


: 260 :: . 8: 
| 360 | 534 $307 © 300 + 4505531 | 3 + | 78377 
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Hence therefore, in comparing different ex 
ments, as ſome fall ſhort, and others excee 
maximum, and all agree therewith, as near as can 
be expected, in an affair where ſo many different 
circumſtances are concerned ; we may, according to 
the laws of reaſoning T: induction, conclude the 
maxim true; vi. that effects are nearly as the 
quantity of water expended. 


Maxim II. That the expence of water being the 


ſame, the effeft will be nearly as the height of the 
virtual or effective bead. 


This alſo will appear by comparing the contents 


of columas 4, 8, and 1o, in any of the ſetts of ex- 
periments. 


Example 1ſt, of N®. 2. and N®. 24. viz. 


No, Virt. Head. Expencde. Effect. 
2— 15 264,7 — 1266 
24 — 4.7 262 — 385 


Now as the expences are not quite equal, we muſt 
proportion one of the effects accordingly: thus 
by maxim 1it, 262: 264,7 :: . 389 
and by max. 2d, 15: 4,7 :: 1266: 397 


— gu — 


8 — 8 


The effect eters of N. 24. compared with N®. 


2. is leſs than according to the Preſent maxim in the 
ratio of 49: 50. 


The foregoing, and two other r one examples, 
are compriſed in the following Tab] 


Examples 


= 


1 
15 
i 
15 
3 


17] 4.251675 | 212 


No. Tab. l. 
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Compariſon. 


— 
= 8 


Max. iſt, 262 : 264,7 2: 28: 319 
Max. 2d, 15 : 4,7 :: 1266 : 397 


15 264,71 266 

262385 
Laan — * — 
16,85] 275 11% rn iſt, 114: 275 :: 117 : 282 
10] 3,55] 114 | 117] Max. zd. 15,85 :3,55::1411: 316 


— 


1 
2 
2 


Ii} 14,2] 342 1505 1 iſt, 167,5: 342 :: 212 433 1 
4. Max. 2d, 14,2 : 4,25 :: 1505 : 450 


7 : 26 


— 


Maxim III. That the quantity of water expended 
being the ſame, the effect is nearly as the ſquare of 


its velocity. 


This will appear by comparing the contents of 
columns 3, 8, and 10, in any of the ſetts of experi- 


ments; as for ä 


Example 1/t of No. 2. with No. 24. vis. 


3 Turns in a min. Expence. Effect. 
2 86 — 264,7 1266 


The velocity being as the number of turns, we ſhall 
have, | 
by max. 1ſt, 262 : 264,7 :: 385: 389 


„„ ; 
7396: 2304J** 1266: 394 
Difference - - 5 


The effect therefore of No. 24. compared with No. 


and by max. 3d, f 


2. is leſs than by the preſent maxim in the ratio of 


78 : 79. 


The foregoing, and three other fimilar examples, 
are compriſed in the following Table. 
Examples, 


—— 


FFT 
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Maxim 4th. The aperture being the ſame, the 2 
will be nearly as the cube of the velocity of the water. 


This alſo will appear by comparing the contents 
of columns 3, 8, and 10; as for 


Example 1ft, of Ne. 1. and Ne. 10, viz. 


Noe. Turns. Expence. Effect. 
I —— 88 —— 275 —— 1411 
10 —— 42 — — 114 -—— 117 


Lemma, It muſt here be obſerved, that if water 
paſſes out of an aperture, in the ſame ſection, but 
with different velocities; the expence will be pro- 
portional to the velocity; and therefore converſely, 


if the expence is not proportional to the velocity, 
the ſection of the water is not the ſame. 


Now comparing the water diſcharged with the 
turns of Nꝰ. 1. and 10, we ſhall have 88: 42 :: 


275: 131,2; but the water diſchar ged by No. 10. 


is only 114 lb. therefore, tho' the ſluice was drawn 
to the ſame height in No. 10. as in No. 1. yet the 


ſection of the water paſſing out, was leſs in Ne. 10. 
than N®. 1. in the proportion of 114 to 131,2 ; con- 
ſequently had the effective a 
water been the ſame in N®. 10. as in N®. 1. ſo that 
1 137 2 1b. of water had been diſcharged inſtead of 
114, the effect would have been increaſed in the 
ſame proportion ; that 1s, | 
by the Lemma, 88 : 42 :: 275: 131 
by maxim iſt, 114: 231,2:3 117: 134.6 


38 
* 681452 74088. 1 


Difference — 19 
The 
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OBSERVATIONS. 


Obſerv. 1. On comparing column ad and 4th, 
Tab. I. it is evident, that the virtual bead bears 
no certain proportion to the head of water; but that 
when the aperture is greater, or 'the velocity of the 
water iſſuing therefrom leſs, they approach nearer to 
a coincidence : and conſequently in the large open- 
ings of mills and fluices, where great quantities of 
water are diſcharged from moderate heads, the head 
of water, and virtual head determined from the ve- 
locity, will nearly agree, as experience confirms. 


Obſerv. 2d. Upon comparing the ſeveral pro- 
portions between the power and effef? in column 
11th, the moſt general is that of 10 to 3; the ex- 
tremes 10 to 3,2 and 10 to 2,8; but as it is obſerv- 
able, that where the quantity of water, or the ve- 
locity thereof; that is, where the power is greateſt, 
the 2d term of the ratio is greateſt alſo: we may 
therefore well allow the proportion ſubſiſting in large 
works, as 3 to 1. 


Obſerv. zd. The proportions of velocities be- 
ween the water and wheel in column 12, are con- 
tained in the limits of 3 to x and 2 to 1; but as 
the greater velocities approach the limit of 3 to 1, 
and the greater quantity of water approach to that 


of 2 to 1, the beſt general proportion will be that 
of 5 to 2. 


Obſerv. 4tv. On comparing the numbers in 
column 13, it appears, that there is no certain ratio 
between the lead that the wheel will carry at its 
maximum, and what will totally ſtop it; but that 
they are contained within the limits of 20 to 1 9, and 

3 | of 
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of 20 to 15; but as the effect approaches neareſt 
to the ratio of 20 to 15, or of 4 to 3, when the 
power is greateſt, whether by increaſe of velocity, or 
quantity of water, this ſeems to be the moſt appli- 
cable to large works: but as the load that a wheel 
ought to have, in order to work to the beſt advan- 
tage, can be aſſigned, by knowing the effect it ought 
to produce, and the velocity it ought to have in pro- 
ducing it; the exact knowlege of the greateſt load it 
will bear, is of the leſs conſequence in practice. 


It is to be noted, that in all the examples under che 
three laſt of the four preceding maxims, the effect 
of the leſſer power falls ſhort of its due proportion 
to the greater, when compared by its maxim ; except 
the laſt example of maxim 4th : and hence, if the 
experiments are taken ſtrictly, we muſt infer, that 
the effects increaſe and diminiſh in an higher ratio 
than thoſe maxims ſuppoſe : but as the deviation is 
not very conſiderable, the greateſt being about 1-8th 
of the quantity in queſtion ; and as it is not eaſy to 
make experiments of ſo compounded a nature with 
abſolute preciſion ; we may rather ſuppoſe, that the 
lefler power is attended with ſome friction, or works 
under ſome diſadvantage, which has not been duly 
accounted for, and therefore we may conclude, that 
theſe maxims will hold very nearly, when applicd to 
works in large. 

After the experiments above mentioned were tried, 
the wheel, which had originally 24 floats, was re- 
duced to twelve; which cauſed a diminution in the 
effect, on account of a greater quantity of water 
eſcaping between the floats and the floor; but a cir- 


R 2 cular 
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cular ſweep being adapted thereto, oſ ſuch a length; 
that one float entered the curve before the preceding 


one quitted it, the effect came fo near to the former, 
as not to give hopes of advancing it by increaſing 


the number of floats beyond 24 in this particular 
wheel. 


PART II. 


Concerning OvERSHoOT WHEELS. 


1 


Read May 24, IN the former part of this eſſay, we have 
"73% conſidered the impulſe of a confined 
ftream, acting on Under/hot Wheels, We now pro- 
ceed to examine the power and application of water, 
when acting by its gravity on Overſhot Wheels. 

In reaſoning without experiment, one might be 
ted to imagine, that however different the mode of 
application is; yet that whenever the fame quantity 
of water deſcends thro the ſame perpendicular ſpace, 
that the natural effective power would be equal; 
ſuppoſing the machinery free from friction, equally 
calculated to receive the full effe& of the power, and 
to make the moſt of it : for if we ſuppoſe the height 
of a column of water to be 3o inches, and reſting 
upon a baſe or aperture of one inch ſquare; every 
_ cubic inch of water that departs 3 will ac- 
quire the ſame velocity or momentum, from the 
uniform preſſure of 30 cubic inches above it, that 
one cubic inch let fall from the top will acquire in 
falling down to the level of the aperture; viz. ſuch 
a velocity as in a contrary direction would carry it to 


. the 
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the level from whence it fell; * one would therefore 
ſuppoſe, that a cubic inch of water, let fall thro' a 
ſpace of 30 inches, and there impinging upon an- 
other body, would be capable of producing an equal 
effect by collifion, as if the ſame cubic inch had de- 
ſcended thro' the ſame ſpace with a flower motion, 
and produced its effects gradually: for in both caſes 
gravity acts upon an equal quantity of matter, thro' 
an equal ſpace +; and conſequently, that whatever 
was the ratio between the power and effect in under- 
ſhot wheels, the ſame would obtain in overſhot, and 
indeed in all others: yet, however concluſive this 


reaſoning may ſeem, it will appear, in the courſe of 


the following deductions, that the effect of the gra- 
vity of deſcending bodies is very different from the 
effect of the ſtroke of ſuch as are non-elaſtic, tho 
generated by an equal mechanical power. 

The alterations in the machinery already deſcribed, 
to accommodate the ſame for experiments on over- 


ſhot wheels, were prigOpally as follows. 
Plate V. Fiz. 2. The fluice 15 being ſhut 


down, the rod HI was unſcrewed and taken off. 
The underſhot water-wheel was taken off the axis, 
and inſtead thereof an overſhot wheel of the fame 


r 


8 — 


1 


* This is a conſequence of the riſing of jetts to the height of 
their reſervoirs nearly. 3 | 
＋ Gravity, it is true, acts a longer ſpace of time upon the body 
that deſcends ſlow than upon that which falls quick ; but this can- 
not occaſion the difference in the effect: for an elaſtic body falling 
thro? the ſame ſpace in the ſame time, will, by colliſion upon an- 
other elaſtic body, rebound nearly to the height from which it fell; 
or, by communicating its motion, cauſe an equal one to aſcend 
to the fame height. of | 
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diameter was put into its place. Note, This wheel 
was two inches in the ſhroud or _ of the bucket ; 
the number of the buckets was 36. 

The ſtandards S and T, Fig. 1. were raiſed half 
an inch, ſo that the bottom of the wheel might be 
clear of ſtagnant water. . | 

A trunk, for bringing the water upon the wheel, 
was fixed according to the dotted lines f g, Fig. 2. 
The aperture was adjuſted by a ſhuttle h i, which 
alſo cloſed up the outer end of the trunk, when the 
water was to be ſtopped. 


Fig. 3. The ratchet o o, not being of one piece 
of metal with the ferrule e e, i i (tho' fo deſcribed 
before, to prevent unneceſſary diſtinctions), was with 
its catch turned the contrary ſide; conſequently the 
moveable barrel would do its office equally, notwith- 


ſtanding the water-wheel, when, at work, moved the 
contrary way. 
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Specimen of a Sett of Experiments. 


— 


Head 6 inches. 


4 ſtrokes of the pump in a minute, 12 ditto = 


8 * 


Weight of the ſcale (being wet) 105 02. 
Counter weight for 20 turns, beſides the ſcale, 3 Oz. 


Weight in 
No. the Scale, Turns. Product. Obſervations. | 
1— Olh, — 60 — —— |} Threw moſt part 
2 — 1 — 56 — — of the water out 
3 — 2 — 32 — of the wheel. 
4 —— 3 — 49 — 147 ( Received the wa- 
5 — 4 — 47 — 188 fer more quietly. 
— 5; — 45 — 225 
2 » ö 
8 — 7 — 41 — 287 
9 — 8 — 383 — 308 
IO — 9 — 36 2 — 3282 
FCC ——— 
12— 11 —— 324 — 360+ 
13 — 12 — 314 — 375 
14 — 13 — 28+ 370$ 
waa. Pao} & Savard |. 
16 —— 15 — 26 — 390 
17 — . 34 | 392 
18 — 17 — 224 — 3862 
19 — 18 — 214 — 3914 
* 4 394 * ( Maximum 
21] — 20 194 — 395 
22 — 2] — 184 388 4 
23 — 22 18 — 396 Work'd irregular. 
24 — 23 — Overſet by its load. 


* The ſmall difference, in the value of 12 ſtrokes of the pump, 
from the former experiments, was owing to a ſmall difference in 


the length. of the ſtroke, occaſioned by the warping of the wood. 
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Reduction of the preceding Specimen. 


In theſe experiments the head being 6 inches, and 
the height of the wheel 24 inches, the whole de- 
ſcent will be 30 inches: the expence of water was 
14 + ſtrokes of the pump in a minute, whereof 12 
contained 80 lb.; therefore the water expended in a 
minute was 96 3 Ib. which, multiplied by 30 inches, 
gives the powwer = 2900, 

If we take the 2oth experiment for the maximum, 
we ſhall have 205 turns in a minute, each of which 
raiſed the weight 4 + inches, that is, 93,37 inches in 
a minute. The weight in the ſcale was 19 lb, the 
weight of the ſcale 10+ 0z.; the counter-weight 3 0z. 
in the ſcale, which, with the weight of the ſcale 
10 Z oz. makes in the whole 20 lb. which is the 
whole reſiſtance or load: this, multiplied by 93,37 
inches, makes 1914 for the effect. : 

The ratio therefore of the power and effect will 
be as 2900: 1914, or as 10: 6,6, or as 3: 2 nearly. 

But if we compute the power from the height of 
the wheel only, we ſhall have 96 3 lb. multiplied by 
24 inches = 2320 for the power, and this will be 
to the efef? as 2320: 1914, or as 10: 82, or as 


5 : 4 nearly. 


The reduction of this ſpecimen is ſet down in 
Ne. g. of the following Table; and the reſt were de- 
ducted from a ſimilar ſett of experiments, reduced in 
the ſame manner. 


TABLE 


TABLE II. containing the Reſult of Sixteen Seits 


of Experiments on Overſhot Wheels, 


F 2 7 1 
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Obſervations and Deductions from the foregoing Ex- 


peri ments. 


I. Cancerning the Ratio between the Power and Effect 
of Over ſhot Wheels. 
The effective power of the water muſt be rec- 


xoned upon the whole deſcent ; becauſe it muſt be 
Vor, LI. 8 rated 
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raiſed that height, in order to be in a condition of 
producing the fame effect a ſecond time. 

The ratio's between the powers ſo eſtimated, and 
the efeds at the maximum deduced from the ſeveral 
ſetts of experiments, are exhibited at one view in 
column q. of Table II.; and from hence it appears, 
that thoſe ratio's differ from that of 10 to 7,6 to that 
of 10: 5,2, that is, nearly from 4: 3 to 4: 2. In 
thoſe experiments where the heads of water and 
quantities expended are leaſt, the proportion 1s near- 
ly as 4: 3; but where the heads and quantities are 
greateſt, it approaches nearer to that of 4:2; and 
by a medium of the whole, the ratio is that of 3: 2 
nearly. We have ſeen before, in our obſervations. 
upon the effects of underſhot wheels, that the gene- 
ral ratio of the power to the effect, when greateſt, 
was 3:1; the effect therefore of overſbot wheels, under 
the ſame circumſtances of quantity and fall, is at a 
medium double to that of the underſhot : and, as a 
conſequence thereof, that nonclaſtic bodies, when act- 
ing by their impulſe or collijion, communicate only @ 
part of their original power ; the other part being. 
{pent in changing their figure in conſequence of the 
{troke. 

The powers of water computed from the height 
of the wheel only, compared with the effects, as in 
column 10. appear to obſerve a more conſtant ratio : 
for if we take the medium of each claſs, which is. 
ſet down in column 11, we ſhall find the extremes 
to differ no more than from the ratio of 10: 8, 1 to 
that of 10:8,5; and as the ſecond term of the ratio 
gracually increaſes from $,1 to $,5, by an increaſe 
of head from 3 inches to 11, the exceſs of 8,5 above 

8.1 


11 


8, 1 is to be imputed to the ſuperior impulſe of the 
water at the head of 11 inches above that of 3 
inches: ſo that if we reduce 8, 1 to 8, on account 
of the impulſe of the 3 inch head, we Hall have 


the ratio of the power, computed upon the height of 


the wheel only, to the effefF at a maximum as 10: 8, 
Or as 5: 4 nearly: and from the equality of the ratio 
between power and effect, ſubſiſting where the con- 
ſtructions are ſimilar, we mult infer, that the effefts, as 
well as the powers, are as the quantities of water and 


perpendicular beigbis multiplied together reſpectively. 


II. Concerning the moſt proper Height of the Wheel 


in proportion to the wwhale Deſcent. 
We have already ſeen, from the preceding ob- 


ſervation, that the effect of the ſame quantity of 


water, deſcending thro' the ſame perpendicular ſpace, 
is double, when acting by its gravity upon an over- 
ſhot wheel, to what the ſame produces when acting 
by its impulſe upon an underſhot. It alſo appears, 
that by increaſing the head from 3 inches to 11, that 
is, the whole deſcent, from 27 inches to 35, or in the 
ratio of 7 to 9 nearly, the effect is advanced no more 
than in the ratio of 8, 1 to 8,4, that is, as 7: 7, 263 
and conſequently the increaſe of effect as not 1-7th 
of the increaſe of perpendicular height. Hence it 
follows, that the higher the wheel is in proportion to 
the whole deſcent, the greater will be the etect; be- 
cauſe it depends leſs upon the impulſe of the head, 
and more upon the gravity of the water in the 
buckets: and if we confider how obliquely the 
water iſſuing from the head mult ſtrike the buckets, 
we ſhall not be at a loſs to account for the little ad- 


> 
8 2 vantage 


— * — — — — = = _ - " 
_ =_ . — OS. — i * 
——& r 2 — kf. — — - - - . — — —_ = 
. | — — — — = __— 4 
. * 


— 2 — 
* 2 — 


6. + I" P * —— 
> ous > 
„e 1 , E 


— — = — 


— 
— — — 


. = 
Lat MN * . ö 
* r C 


* —— — — 
_ 


= © 00 


vantage that ariſes from the impulſe thereof; and ſhall 
immediately fee of how little conſequence this impulſe 
is to the effect of an overſhot wheel. However, as 
every thing has its limits, ſo has this: for thus much is 
defirable, that the water ſhould have ſomewhat greater 
velocity, than the circumference of the wheel, in 
coming thereon ; otherwiſe the wheel will not only 
be retarded, by the buckets ſtriking the water, but 
thereby daſhing a part of it over, ſo much of the 
power is loſt. 

The velocity that the circumference of the wheel 
ought to have, being known by the following de- 
ductions, the head requiſite to give the water its pro- 
per velocity is eaſily computed from the common 
rules of hydroſtatics; and will be found much leſs 
than what is generally practiſed. 


III. Concerning the Velocity of the Circumference of 
the Wheel, in order to produce the greateſt Effec7?. 


If a body 1s Ict fall freely from the ſurface of the 
head to the bottom of the deſcent, it will take a 
certain time in falling; and in this caſe the whole 
action of gravity is ſpent in giving the body a certain 
velocity: but if this body in falling is made to act 
upon ſome other body, ſo as to produce a mechani- 
cal effect, the falling body will be retarded; becaufe 
a part of the action of gravity is then ſpent in pro- 
ducing the effect, and the remainder only giving 
motion to the falling body: and therefore the Herber 
a body deſcends, tie greater will be the portion of the 
aclion of gravity applicable to the producing a me- 


chanical effeft ; and in conſequence the greater that 
effect may be. 


It 
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If a ſtream of water falls into the bucket of an 
overſhot wheel, it is there retained till the wheel 
by moving round diſcharges it: of conſequence the 
flower the wheel moves, the more water each bucket | 
will receive: ſo that what is loſt in ſpeed, is gained 
by the preſſure of a greater quantity of water acting 
in the buckets at once: and, if conſidered only in this 
light, the mechanical power of an overſhot wheel to 
produce effects will be equal, whether it moves quick 
or ſlow : but if we attend to what has been juſt now 
obſerved of the falling body, it will appear that 
ſo much of the action of gravity, as is employed in | 
giving the wheel and water therein a greater velocity, | 
mult be ſubtracted from its preſſure upon the buckets; | 
ſo that, tho' the product made by multiplying the | 
number of cubic inches of water acting in the wheel 
at once by its velocity will be the ſame in all caſes ; 
yet, as each cubic inch, when the velocity is greatgr 
does not preſs ſo much upon the bucket as when it 
is /eſs, the power of the water to produce effects will 
be greater in the leſs velocity than in the greater: 
and hence we are led to this general rule, hat, 
c#teris paribus, the leſs the velocity of the wheel, the 
greater will be the effe& thereof. A confirmation of 
this doctrine, together with the limits it is ſubject to 
in practice, may be deduced from the foregoing ſpe- 18 
cimen of a ſett of experiments. 1 
From theſe experiments it appears, that when the 

wheel made about 20 turns in a minute, the effect | 
was, near upon, the greateſt. When it made 3o turns, | 
the effect was diminiſhed about 2g part; but that 
when it made 40, it was dimimiſhed about 5; when 
it made leſs than 18 x, its motion was irregular; and 

when 
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when it was loaded ſo as not to admit its making 18 
turns, the wheel was overpowered by its load. 

It is an advantage in practice, that the velocity of 
the wheel ſhould not be diminiſhed further than what 
will procure ſome ſolid advantage in point of power ; 
becauſe, ceteris paribus, as the motion is flower, 
the buckets muſt be made larger; and the wheel 
being more loaded with water, the ſtreſs upon every 
part of the work will be increaſed in proportion : 
The beſt velocity for practice therefore will be ſuch, as 
when the wheel here uſed made about 30 turns in a 
minute; that is, when the velocity of the circum- 
ference is a little more than 3 feet in à ſecond. 

Experience confirms, that this velocity of 3 feet 
in a ſecond is applicable to the higheſt overſhot wheels, 
as well as the loweſt; and all other parts of the 
work being properly adapted thereto, will produce 
very nearly the greateſt effect poſſible : however this 
alſo is certain from experience, that high wheels may 
deviate further from this rule, before they will loſe 
their power, by. a given aliquot part of the whole, 
than low ones can be admitted to do; for a wheel of 
24 feet high may move at the rate of ſix feet per 
ſecond without loſing any conſiderable part of its 
power *; and, on the other hand, I have ſeen a 
wheel of 33 feet high, that has moved very ſteadily 
and well with a velocity but little exceeding 2 feet. 


— — 
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— — 


— — 


The 24 feet wheel going at 6 feet in a ſecond ſeems owing to 
the ſmall proportion that che head (requiſite to give the water the 


proper velocity of the wheel) bears to the whole height. 


IV. Con- 
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IV. Concerning the Load for an Overſhot Wheel, in 
order that it may produce a Maximum. 


The maximum load for an overſhot wheel, is that 
which reduces the circumferences of the wheel to its 
proper velocity ; and this will be known, by dividing 
the effect it ought to produce in a given time by the 
ſpace intended to be deſcribed by the circumference 
of the wheel in the ſame time : the quotient will be 
the reſiſtance overcome at the circumference of the 
wheel ; and is equal to the load required, the fric- 
tion and reſiſtance of the machinery included. 


V. Concerning the greateſt poſſible Velocity of an 
Over ſhot Wheel. 


The greateſt velocity that the circumference of an 
overſhot "wheel is capable of, depends jointly upon 
the diameter or height of the wheel, and the velo- 
city of falling bodies ; for it is plain that the velocity 
of the circumference can never be greater, than to 
deſcribe a ſemi-circumference, while a body let fall 
from the top of the wheel will deſcend thro its di- 
ameter; nor indeed quite ſo great, as a body de- 
ſcending thro' the ſame perpendicular ſpace cannot 
perform the ſame in fo ſmall a time when paſſing 
thro' a ſemi-circle, as would be done in a perpendi- 
cular line. Thus, if a wheel is 16 feet 1 inch high, 
a body will fall thro' the diameter in one ſecond : 
this wheel therefore can never arrive at a velocity 
equal to the making one turn in two ſeconds ; but, 
in reality, an overſhot wheel can never come near 
this velocity; for when it acquires a certain yu 
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the greateſt part of the water is prevented from en- 


tering the buckets; and the reſt, at a certain point 
of its deſcent, is thrown out again by the centrifugal 
force. This appears to have been the caſe in the 
three firſt experiments of the foregoing ſpecimen ; 
but as the velocity, when this begins to happen, de- 
pends upon the form of the buckets, as well as other 
circumſtances, the utmoſt velocity of overſbot wheels 
7s not to be determined generally: and, indeed, it is 
the leſs neceſſary in practice, as it is in this circum- 
ſtance incapable of producing any mechanical eſfect, 
for reaſons already given. 


VI. Concerning the greateſt Load that an Over ſhot 


Wheel can overcome. 


The greateſt had an overſbot wheel will overcome, 
conſidered abſtractedly, is unlimited or infinite : for as 
the buckets may be of any given capacity, the more 
the wheel is loaded, the ſlower it turns; but the 
ſlower it turns, the more will the buckets be filled 
whh water ; and conſequently tho' the diameter of 
the wheel, and quantity of water expended, are both 
limited, yet no reſiſtance can be aſſigned, which it is 
not able to overcome: but in practice we always 
meet with ſomething that prevents our getting into 
infiniteſimals ; for when we really go to work to build 
a wheel, the buckets muſt neceſſarily be of ſome 
given capacity; and conſequently /uch a reſiſtance 
will flop the wheel, as is equal to the effort of all the 
buckets in one ſemi-circumference filled with water. 
The ſtructure of the buckets being given, the 
quantity of this effort may be aſſigned; but is not 
of much conſequence to the practice, as in this caſe 
alſo 


* 


1371 


alſo the wheel loſes its power; for tho' here is the 
exertion of gravity upon a given quantity of water, 
yet being prevented by a counterbalance from mov- 
ing, is capable of producing no mechanical effect, 
according to our definition. But, in reality, an over- 
ſhot wheel generally ceaſes to be uſeful before it is 
loaded to that pitch; for when it meets with ſuch a 
reſiſtance as to diminiſh its velocity to a certain degree, 
its motion becomes irregular ; yet this never happens 
till the velocity of the circumference is leſs than 2 feet 
per ſecond, where the refiſtance is equable, as appears 
not only from the preceding ſpecimen, but from ex- 
periments on larger wheels. 


SCHOLIUM. 


Having now examined the different effects of the 
power of water, when acting by its :mpulſe, and by 
its weight, under the titles of undenſbot and overſbot 
wheels; we might naturally proceed to examine the 
effects when the impulſe and weight are combined, as 
in the ſeveral kinds of breaft-wheels, &c. but, what has 
been already delivered being carefully attended to, the 
application of the ſame principles in theſe mixt caſes 


will be eaſy, and reduce what I have to ſay on this 


head into a narrow compaſs : for all kinds of wheels 
where the water cannot deſcend thro' a given ſpace, 
unleſs the wheel moves therewith, are to be con- 
ſidered of the nature of an overſhot wheel, accord- 


ing to the perpendicular height that the water de- 


ſcends from; and all thoſe that receive the impulſe 
or ſhock of the water, whether in an horizontal, per- 
pendicular, or oblique direction, are to be conſidered 
as underſhots. And therefore a wheel, which the 
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water ſtrikes at a certain point below the ſurface of 
the head, and after that deſcends in the arch of a 
circle, preſſin its gravity upon the wheel; the 
ect of fuck - i br will rafts. or to the effett of an 
underſhot, whoſe head is equal to the difference of 
level between the ſurface of the water in the reſervoir 
and the point where it ſtrikes the wheel, added to that 
of an overſhot, whoſe height is equal to the difference 
/ level, between the point where it ſtrikes the wheel 
and the level of the tail-water. It is here ſuppoſed, 
that the wheel receives the ſhock of the water at 
right angles to its radu ; and that the velocity of its 
circumference is properly adapted to receive the ut- 
moſt advantage of both theſe powers ; otherwiſe a 
reduction muſt be made on that account. 

Many obvious and confiderable improvements up- 
on the common practice naturally offer themſelves, 
from a due confideration of the principles here eſtab- 
liſhed, as well as many popular errors ſhow them- 
ſelves in view : but as my preſent purpoſe extends 
no farther than the laying down ſuch general rules. 
as will be found to anſwer in practice, I leave the 
particular application to the intelligent artiſt, and to- 
the curious in theſe matters. 


PART III. 


On the Conſtruction and Effetts of WIN DMIII- 
3 . SAILS, 


Read 31 May & I N trying experiments on windmill- 

4 June, 1759 1 fails, the wind itſelf is too uncertain 
to anſwer the purpoſe ;; we muſt therefore have re- 
courſe to an artificial wha | 
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This may be done two ways; either by cauſing 
the air to move againſt the machine, or the machine 
to move againſt the air. To cauſe the air to move 
againſt the machine, in a ſufficient volumn, with 
ſteadineſs and the requiſite velocity, is not eaſily put 
in practice: To carry the machine forward in a 

right line againſt the air, would require a larger room 
than II could conveniently meet with. What I found 
moſt practicable, therefore, was, to carry the axis, 
whereon the ſails were to be fixed, progreſſively round 
in the circumference of a large circle. Upon this 
idea * a machine was conſtructed, as follows. 


PLATE Th, 220. 2: 

ABC is a pyramidical frame for ſupporting the 
moving parts. 

DE is an upright axis, whereon is framed 

F G, an arm for carrying the fails at a proper diſ- 
tance from the center of the upright axis. 


. * Some ago Mr. Rouſe, an ingenious gentleman of Har- 
borough in Leiceſterſhire, ſet about trying experiments on the ve- 
locity of the wind, and force thereof upon plain ſurfaces and 
windmill-fails : and much about the fame time Mr. Ellicott con- 
trived a machine for the uſe of the late celebrated Mr. B. Robins, 
for trying the reſiſtance of plain ſurfaces moving thro* the air. 
The machines of both theſe were much alike, tho” at 


that time totally unacquainted with each other's inquiries. But it 


often happens, that when two perſons think juftly upon the ſame 
ſubject, their experiments are alike. This machine was alſo built 
upon the ſame idea as the foregoing ; but differed in having the hand 
for the firſt mover, with a pendulum for its regulator, inſtead of a 
weight, as in the former; which was certainly beſt for the pur- 
poſes of meaſuring the impulſe of the wind, or reſiſtance of plains : 


but the latter is more applicable to experiments on windmill-ſails; 


becauſe every change of poſition of the fame fails wlll occaſion 


their meeting the air with a different velocity, tho urged by the 


ſame weight. 
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This may be done two ways; either by cauſing 
the air to move againſt the machine, or the machine 
to move againſt the air. To cauſe the air to move 
againſt the machine, in a ſufficient volumn, with 
ſteadineſs and the requiſite velocity, is not eaſily put 
in practice: To carry the machine forward in a 
right line againſt the air, would require a larger room 
than I could conveniently meet with. What I found 
moſt practicable, therefore, was, to carry the axis, 
whereon the ſails were to be fixed, progreſſively round 
in the circumference of a large circle. Upon this 
idea * a machine was conſtructed, as follows. 


PLATE VI. Fig. 1. 
ABC is a pyramidical frame for ſupporting the 
moving parts. 
DE is an upright axis, whereon is framed 
F G, an arm for carrying the fails at a proper diſ- 
tance from the center of the upright axis. 


* Some years ago Mr. Rouſe, an ingenious gentleman of Har- 
borough in Leiceſterſhire, ſet about trying experiments on the ve- 
_ of the wind, and force thereof upon plain ſurfaces and 
windmill-fails : and much about the fame time Mr. Ellicott con- 
trived a machine for the uſe of the late celebrated Mr. B. Robins, 
for trying the reſiſtance of plain ſurfaces moving thro' the air. 
The machines of both theſe gentlemen were much alike, tho” at 
that time totally unacquainted with each other's inquiries. But it 
often happens, that when two perſons think juſtly upon the ſame 
ſubject, their experiments are alike. This machine was alſo built 


upon the ſame idea as the foregoing ; but differed in having the hand 


for the firſt mover, with a pendulum for its regulator, inſtead of a 
weight, as in the former; which was certainly beft for the pur- 
poſes of meaſuring the impulſe of the wind, or refiftance of plains : 
but the latter is more applicable to experiments on windmill-fails ; 
becauſe every change of poſition of the ſame fails wlll occaſion 


their meeting the air with a different velocity, tho? urged by the 


ſame weight. = 
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H is a barrel upon the upright axis, whereon is 
wound a cord ; which, being drawn by the 
hand, gives a circular motion to the axis, and 
to the arm FG; and thereby carries the axis 
of the fails in the circumference of a circle, 
whoſe radius is DI, cauſing thereby the fails 
to ſtrike the air, and turn round upon their 
OWN AXIS. | 

At L is fixed the end of a ſmall line, which paſſing 

through the pullies MNO, terminates upon a 
ſmall cylinder or barrel upon the axis of the 
fails, and, by winding thereon, raiſes 

P the ſcale, wherein the weights are placed for 

trying the power of the fails. This ſcale, moving 
up and down in the direction of the upright 
axis, receives no diſturbance from the circular 
motion. 

Q R two parallel pillars ſtanding upon the arm F G, 
for the purpoſe of ſupporting and keeping 
ſteady the ſcale P; which is kept from ſwing- 
ing by means of 

S T two ſmall chains, which 
two pillars. 5 

W is a weight, for bringing the center of gravity of 
the moveable part of the machine into the cen- 
ter of motion of the axis DE. 

V X is a pendulum, compoſed of two balls of lead, 
which are moveable upon a wooden rod, and 
thereby can be ſo adjuſted, as to vibrate in any 

time required. This pendulum hangs upon a 
cylindrical wire, whereon it vibrates, as on a 
rolling axis. 


Vis a perforated table for ſupporting the axis of 
the pendulum, 


hang looſely round the 


Note, 
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Note, The pendulum being ſo adjuſted, as to make 
two vibrations in the time that the arm FG is in- 
tended to make one turn ; the pendulum being ſet 
a vibrating, the experimenter pulls by the cord Z, 
with ſufficient force to make each half revolution of 
the arm to correſpond with each vibration, as equal 
as poſſible, during the number of vibrations that 
the experiment is intended to be continued. A 
little practice renders. it eaſy tc give motion thereto 
with all the regularity that is neceſſary. 

Specimen of a Sett of Experiments. 
Radius of the fails — — — 21 inches 
Length of ditto in the cloth — — 18 
Breadth of ditty —— — — 3, 6 


Angle at the extremity — —— 10 degrees 


Ditto at the greateſt inclination — 25 
20 turns of the fails raiſed the weight 11, 3 inches 
Velocity of the center of the fails, in the 
circumference of the great circle, in a 56 fl. o in. 
ſecond — — — — 
Continuance of the experiment — 3 ſeconds, 
Ne. Product. 

0 
510 
5264 
546 


520 
O 


rr 


* In all the following experiments the angle of the fails is ac- 
counted from the plain of their motion; that is, when they ſtand 
at right angles to the axis, their angle is denoted o“, this notation 
being agreeable to the language of practitioners, who call the angle 
ſo denoted, the weather of the fail ; which they denominate greater 


N. B. 


or leſs, according to the quantity of this angle. 


— 
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N. B. The weight of the ſcale and pulley was 3 0z.; 
and that 1 oz. ſuſpended upon one of the radii, at 
12+ iches from the center of the axis, juſt over- 
came the friction ſcale and load of 7+ lb.; and 


placed at 14 +3 inches, overcame the ſame reſiſt- 
ances with 9 lb. in the ſcale. 


Reduction of the preceding Specimen. 


No. 5. being taken for the maximum, the weight 
in the ſcale was 7 1b. 8 oz. which, with the weight of 
the ſcale and pulley 3 oz. makes 7 Ib. 11 oz. equal to 
1230z.; this added to the friction of the machinery, 
the ſum is the whole reſiſtance *. The friction of 
the machinery is thus deduced : Since 20 turns of 
the fails raiſed the weight 1 1,3 inches, with a double 
line, the radius of the cylinder will be .18 of an 
inch ; but had the weight been raiſed by a ſingle 
line, the radius of the cylinder being half the former, 
vi. og, the reſiſtance would have been the ſame : 
we ſhall therefore have this analogy; as half the 
radius of the cylinder, is to the length of the 
arm where the ſmall weight was applied; ſo is the 
weight applied to the arm, to a fourth weight, which 
is equivalent to the ſum of the whole reſiſtance to- 
gether; that is, .o09 : 12,5 :: 10%. : 139 02. : this 
exceeds 123 0z, the weight in the ſcale, by 16 0z. or 
I Ib. which is equivalent to the friction; and which, 
added to the above weight of 7 1b. 11 0z. makes 
81b. 11 0z. = 8,69 lb. for the ſum of the whole re- 


* The reſiſtance of the air is not taken into the account of 


reſiftan:e, becauſe it is inſeparable from the application of the 
power. 


8 | fiſtance ; 
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ſiſtance; and this, multiplied by 73 turns, makes a 
product of 634, which may be called the repreſenta- 
tive of the efect produced. 

In like manner, if the weight 9 1b. which cauſed 
the ſails to reſt after being in motion, be augmented 
by the weight of the ſcale and its relative friction, it 
will become 10,37 lb. The reſult of this ſpec 


imen 
is ſet down in N. 12. of Table III. and the reſult 
of every other ſett of experiments therein contained 
were made and reduced in the ſame manner. 


TABLE 
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Ta BL III. Containing Nineteen Setts of einn on Windmill- Sails 
9 various Structures, Poſitions, and Quantities of Surfaces. 
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Obſervations and Deductions from the preceding 


Experiments. 


I. Concerning the beſt Form and Poſition of Wind- 
mill. Sails. 


In Table III. Ne. 1. is contained the reſult of a 
ſett of experiments upon ſails ſet at the angle which 
the celebrated Monſ. Parint, and ſucceeding geome- 
tricians for many years, held to be the beſt; via. 
thoſe whoſe planes make an angle 55* nearly with 
the axis; the complement whereof, or angle that the 
plane of the fail makes with the plane of their mo- 
tion, will therefore be 3 5*, as ſet down in col. 2. and 
3. Now if we multiply their number of turns by 
the weight they lifted, when working to the greateſt 
advantage, as ſet down in columns 5. and 6. and 
compare this product (col. 8.) with the other pro- 
ducts contained in the ſame column, inſtead of being 
the greateſt, it turns out the leaſt of all the reſt. 
But if we ſet the angle of the fame planes at ſome- 
what leſs than half the former, or at any angle from 
15* to 18*, as in Ne. 3. and 4. that is, from'72* to 
75 with the axis, the product will be increaſed in 
the ratio of 31:45; and this is the angle moſt com- 
monly made uſe of by practitioners, when the ſur- 
faces of the ſails are planes. | 

If nothing more was intended than to determine the 
molt efficacious angle to make a mill acquire motion 
from a ſtate of reſt, or to prevent it from paſſing into 
reſt from a ſtate of motion, we ſhall find the poſition 
of No. 1. the beſt; for if we conſult col. 7. which 
contains the leaſt weights, that would make the fails 
paſs from motion to reſt, ve ſhall find that of Ns. 1. 

Vor, LI. | U (relative 
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(relative to the quantity of cloth) the greateſt of all. 
But if the fails are intended, with given dimenſions, 
to produce the greateſt effect poſſible in a given time, 
we muſt intirely reject thoſe of N*. 1. and, zf we 
are confined to the uſe of planes, conform ourſelves to 
eme angle between No. 3. and 4. that is, not leſs than 
72%, or greater than 75, with the axis. 

The late celebrated Mr. Maclaurin has judiciouſly 
diſtinguiſhed between the action of the wind upon a 
fail at reſt, and a fail in motion; and, in conſequence, 
as the motion is more rapid near the extremities than 
towards the center, that the angle of the different 
parts of the fail, as they recede from the center, 
ſhould be varied. For this purpoſe he has furniſhed us 
with the following theorem . Suppoſe the velocity 
* of the wind to be repreſented by a, and the velo- 
e city of any given part of the fail to be denoted by 
* c; then the effort of the wind upon that part of 
te the ſail will be greateſt when the tangent of the 
*« angle, in which the wind ſtrikes it, is to radius as 
8 1 2 + 25 * ES to 1.“ This theorem then aſ- yt 
ſigns the law, by which the angle is to be varied ac- 
+ cording to the velocity of each part of the fail to the 
'| wind: but as it is left undetermined what velocity 

any one given part of the ſail ought to have in reſpect ' 
Y to the wind, the angle that any one part of the fail 
ought to have, is left undetermined alſo ; ſo that we 
are {till at a loſs for the proper data to apply the theo- 
. rem. However, being willing to avail myſelf thereof, 
and conſidering that any angle from 15* to 18 was 
beſt ſuited to a plane, and of conſequence the beſt 
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* Maclaurin's account of Sir Iſaac Newton's philoſophical dif- 
coveries, p. 170, art. 29. 
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mean angle, I made the fail, at the middle diſtance 
between the center and the extremity, to ſtand at an 
angle of 15? 41' with the plane of the motion; in 
whici caſe the velocity of that part of the ſail, when 
loaded to a maximum, would be equal to that of 


— OY — . 
. $A En 3a. 


g the wind, or c = a. This being determined, the reſt 
} were inclined according to the theorem, as follows : i 
„ Angle with Angle of : 
| the axis. weather. | h 
c Ja- 63* 26'-- 26* 34 k 
Parts of he 8 "© = 34-- 69 54--20 6 L 
1 


the center. 4 144 77 20 12 40 
—— 14479 27 — 10 33 
--c=2@--81 0-- 9 o extremity, 


The reſult hereof was according to N“. 5. being 

nearly the ſame as the plane fails, in their beſt poſi- 

tion : but being turned round in their ſockets, ſo that 

every part of each fail ſtood at an angle of 3®, and by 

afterwards of 6?, greater than before, that is, their ? 

. extremities being moved from 9® to 12 and 15, the | 

products were advanced to 518 and 527 reſpeftively. 9 

Now from the ſmall difference between thoſe two 1 

products, we may conclude, that they were nearly in 1 

their beſt poſition, according to Nꝰ. 7. or ſome angle 0 

between that and N. 6: but from theſe, as well as 

the plane fails and others, we may alſo conclude, 

that 4 variation in the angle of a degree or two / 

makes very little difference in the effect, when the 
angle is near upon the beſt, | 

It is to be obſerved, that a fail inclined by the K 

preceding rule will expoſe a convex ſurface to the 1 

Wind: whereas the Dutch, and all our modern k 
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mill-builders, tho' they make the angle to diminiſh, 
in receding from the center towards the extremity, 
yet conſtantly do it in ſuch manner, as that the ſur- 
face of the fail may be concave towards the wind. 
In this manner the fails made uſe of in N®.8, , 10, 
11, 12, and 13. were conſtructed ; the middle of the 
fail making an angle with the extreme bar of 129; 
and the greateſt angle (which was about 3 of the ra- 
dius from the centre) of 1 5 therewith. Thoſe fails 
being tried in various poſitions, the beſt appears to 
be that of Ne. 11. where the extremities ſtood at an 
angle of 7*+ with the plane of motion, the product 
being 639: greater than that of thoſe made by the 
theorem in the ratio of 9: 11, and double to that of 
N. 1.; and this was the greateſt product that could 
be procured without an augmentation of ſurface. 
Hence it appears, that when the wind falls upon a 
concave ſurface, it is an advantage to the power of 
the whole, tbo every part, taken ſeparately, ſhould not 
be diſpoſed to the beſt advantage *. 

Having thus obtained the beſt poſition of the fails, 
or manner of weathering, as it is called by workmen, 
the next point was to try what advantage could be 


— — 


* By ſeveral trials in large I have found the following angles to 
anſwer as well as any. The radius is ſuppoſed to be divided into 
6 parts and 1-6th, reckoning from the center, is called 1, the ex- 


tremity being denoted ©. 


Angle with Angle with the plane 
Ns. the axis. of motion. | 
I — 72 — 1 
2. — 71 _ 
3 — — 72 — —— 18 middle. 
* — 74 — 16 
3 1 27 3 297 j 
6 — 83 7 extremity. 
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made by an addition of ſurface upon the ſame ra- 
dius. For this purpoſe, the ſails made uſe of had 
the ſame weather as thoſe N“. 8. to 13, with an 


addition to the leading ſide of each of a triangular 


cloth, whoſe height was equal to the height of the 


fail, and whoſe baſe was equal to half the breadth : 
of conſequence the increaſe of ſurface upon the 


whole was one fourth part, or as 4: 5. Thoſe fails, 
by being turned round in their ſockets, were tried in 


four different poſitions, ſpecified in No. 14, 15, 16, 


and 17; from whence it appears, that the beſt was 


when every part of the. ſail made a greater angle by 
2*+, with the plane of the motion, than thoſe with- 


out the addition, as appears by N. 15. the product 
being 820: this exceeds 639 more than in the ratio 


of 4.: 5, or that of the increaſe of cloth. Hence 
it appears, that @ broader ſail requires à greater 
angle; and that when the ſail is broader at the ex- 


tremity, than near the center, this ſhape is more ad- 


vantageous than that of a parallelogram &. 


to fill up the whole area: and by making each fail 


a ſector of an ellipſis, according to Monſieur Parint, 
to intercept the whole cylinder of wind, and thereby 


to produce the greateſt effect poſſible. 


— 


2 ** 


* The figure and proportion of the enlarged fails, which I have 
found beſt to anſwer in large, are repreſented in the figure, Plate VI. 


where the extreme bar is I- 3d of the radius (or whip, as it is called 
by the workmen), and is divided by the whip in the proportion 
of 3 to 5. The triangular or leading fail is covered with board 
from the point downwards 1-3d of its height, the reſt with cloth 
as uſual. The angles of weather in the preceding note are beſt 
for the enlarged fails alſo; for in practice it is found, that the fails 
had better have too little than too much weather, w. 

| F We 


Many have. imagined, that the more fail, the 
greater the advantage, and have therefore propoſed 
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We have therefore proceeded to inquire, how far 


the effect could be increaſed by a further enlargement 


of the ſurface, upon the fame radius of which N®, 
18 and 19 are ſpecimens. The ſurfaces indeed were 
not made planes, and ſet at an angle of 3 5®, as Parint 
propoſed ; becauſe, from N. 1. we learn, that this 
poſition has nothing to do, when we intend them to 
work to the greateſt advantage. We therefore gave 
them ſuch an angle as the preceding experiments in- 
dicated for ſuch ſort of fails, viz. 120 at the ex- 
tremity, and 220 for the greateſt weather. By Ne. 
18 we have the product 1059, greater than N. 15. 
1n the ratio of 7:9; but then the augmentation of 


cloth is almoſt 7: 12. By N. 19. we have the pro- 


duct 1165, that is greater than N. 15. as 7: 10; 
but the augmentation of cloth is nearly as 7: 16; 
conſequently had the ſame quantity of cloth as in 
No. 18. been diſpoſed in a figure ſimilar to that of 

0. 15, inſtead of the product 1059, we ſhould 
have had the product 1386; and in N. 19, inſtead 
of the product 1165, we ſhould have had a product 
of 1860; as will be further made appear in the 
courſe of the following deductions. Hence it ap- 
pears, that beyond a certain degree, the more the 
area is crowded with fail, the leſs effect is produced 
in proportion to the ſurface: and by purſuing the 
experiments {till further, I found, that tho' in N?. 
19. the ſurface of all the fails together were not 
more than --8ths of the circular area containing 
them, yet a further addition rather diminiſhed than 


increaſed the effect. So that when the whole cylinder 


of wind is intercepted, it does not then produce the 


greateſt e fect for want of proper interſtices to eſcape. 
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It is certainly deſirable, that the fails of windmills 
ſhould be as ſhort as poſſible ; but at the ſame time 
it is equally deſirable, that the quantity of cloth 
ſhould be the leaſt that may be, to avoid damage by 
ſudden ſqualls of wind. The beſt ſtructure, there- 
fore, for large mills, is that where the quantity of 
cloth is the greateſt, in a given circle, that can be : 
on this condition, that the effect holds out in pro- 
portion to the quantity of cloth ; for otherwiſe the 


effect can be augmented in a given degree by a leſſer 


increaſe of cloth upon a larger radius, than would 


be required, if the cloth was increaſed upon the ſame 
radius. The moſt uſeful figure therefore for practice, 
is that of N'. 9. or 10. as has been experienced upon 


ſeveral mills in large. 


'TABLE 


bs — n — 2 o - — 
_ — — 7 A — — — . * 
Ew - — — e — IT e A 4 y TL A : 


S 


| 


| &1 zi 11 [o 6 | 8 | L $ 13 fi s [1 
7.901 gz : 01564 891 [0% Cee 19581011 8116 8] 019 
49:01 — — | — | — | — Los | Lg*9 | Eofs [19 16 + 5 0107 
— 948: O1 88g ſogt [rg [glrr] — Tz9*Lrjoert | —| 6 9 £4 |Þ 
E — | — oof — 2% % | — [++ , 44 
64 :o1] £47 : 01 Fog jogt e |[fooz| gotgr| z+%gr [zz1r jor | 6 gl & [tz 
69 201 — — — — — 767 LES | e 99 96 EÞ v4 = 2 
- I a | 4 w 7 
12 | 4c 3 5 8 86 
77 24 2513. 8 ; 2 j3 E = bo 
as 6 EE : | oO 22 2.5 Z 3 3522 i 
33513220] 34 [SIA si od] 4 |S [SERIES]? 
24] 2% 33 |[opſes|lad| yg | 8 425 
1 432] 86 |ES|O [22 bs 
2 S282 Ego |S" 1 1 2 


— 


mut ↄuo zuaumadxꝗ 2y1 


_ . 8 


Jo durnunuog AI qr. L TI pur 11 fol N Jo Jom; se pum pur ↄz awry qu Jo 912M f , *'@ * N 


pu 4 293 fo (1190794 nuatafſip aq 03 duspaoon ꝙagle fo ν,⁴ůs 7 T sq Tum 
-42zop au p¹õjẽguEjl»oq e fo 53495 xy {0 1nſQg % Turnwjuo) Al ATA "NY 


II. Con- 
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H. Concerning the ratio between the velatity of 


windmill ſails unloaded, and their velocity when 
loaded to a maximum. 


| Thoſe ratio's, as they turned out in experiments 
upon different kinds of fails, and with different in- 
clinations (the velocity of the wind being the ſame) 
are contained in column 10 of tab. III. where the 
extremes differ from the ratio of 10: 7,7 to that of 
10: 5,8; but the moſt general ratio of the whole will 
be nearly as 3: 2. This ratio alſo agrees ſufficiently 
near with experiments where the velocity of the wind 
was different, as in thoſe contained in tab. IV. col. 13. 
in which the ratio's differ from 10: 6,9 to that of 
10: 5,9. However, it appears in general, that where 
the power is greater, whether by an enlargement of 
ſurface, or a greater velocity of the wind, that the 
ſecond term of the ratio is leſs. 


III. Concerning the ratio between the greateſt load 


that the ſails will bear without ſtopping, or what 


is nearly the ſame thing, between the leaſt load 
that will ſtop the ſails, and the load at the maxi- 


Mul. 


Thoſe ratio's for different kinds of fails and in- 
clinations, are collected in col. 1 1. tab. III. where the 
extremes differ from the ratio of 10: 6 to that of 
10: 9,2; but taking in thoſe ſetts of experiments 
only, where the ſails reſpectively anſwered beſt, zhe 


ratio's will be confined between that of 10: 8 and of 


10: q; and at @ medium about 10: 8,3 or of 6: 5. 
This ratio alſo agrees nearly with thoſe in col. 14 of 
tab. IV. However it appears, upon the whole, that 
in thoſe inſtances, where the angle of the fails or 
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[254] 
quantity of cloth were greateſt, that the ſecond term 
of the ratio was leſs. | 


IV. Concerning the effect: of ſails, according to 
the different velocity of the wind. 


Maxim 1. The wvehcity of windmill ſails, whe- 
ther unloaded, or loaded ſo as to produce a maximum, 
is nearly as the velocity of the wind, their ſhape 
and pofition being the ſame. 


This appears by comparing together the reſpective 
numbers of columns 4 and 5, tab. IV. wherein thoſe 
of numbers 2, 4, and 6, ought to be double of num- 
bers 1, 3, and 5: but as the deviation is no-where 
greater than what may be imputed to the inaccuracy 
of the experiments themſelves, and hold good exact- 
ly in numbers 3 and 4; which ſetts were deduced 
from the medium of a number of experiments, care- 
fully repeated the ſame day, and on that account are 
molt to be depended upon ; we may therefore con- 
clude the maxim true. 


Maxim 2. The load at the maximum is nearly, 
but ſomewhat leſs than, as the ſquare of the velocity 
of the wind, the ſhape and poſition of the ſails be- 
ing the ſame. 


This appears by comparing together the numbers 
in col. 6. tab. IV. wherein thoſe of numbers 2, 4, 
and 6 (as the velocity is double), ought to be qua- 
druple of thoſe of numbers 1, 3, and 5; inſtead of 
which they fall ſhort, number 2 by , number 4 
by #3, and number 6 by f part of the whole. 
The greateſt of thoſe deviations is not more conſi- 
derable than might be imputed to the unavoidable 

errors 
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errors in making the experiments: but as thoſe 
experiments, as well as thoſe of the greateſt load, all 
deviate the ſame way; and alſo coincide with ſome 
experiments communicated to me by Mr. Rouſe 
upon the reſiſtance of planes ; I am led to ſuppoſe a 
ſmall deviation, whereby the load falls ſhort of the 
{ſquares of the velocity; and ſince the experiments 


No 3 and 4. are moſt to be depended upon, we 


muſt conclude, that when the velocity is double, the 
load falls ſhort of its due proportion by 2g, or, for 


the ſake of a round number, by about 2 part of the 
whole. 


Maxim 3d. The effects of the ſame ſails at a maxi- 
mum are nearly, but ſomewhat leſs than, as the 
cubes of the velocity of the wind. 


It has already been proved, Maxim 1ſt, that the 
velocity of fails at the maximum, is nearly as the ve- 
locity of the wind; and by Maxim 2d, that the load 
at the maximum is nearly as the ſquare of the ſame 
velocity : if thoſe two maximums would hold pre- 
ciſely, it would be a conſequence that the effect 
would be in a triplicate ratio thereof : how this 
agrees with experiment will appear by comparing 
together the products in col. 8. of tab. 4. wherein 


thoſe of No 2. 4. and 6. (the velocity of the wind 


being double) ought to be octuple of thoſe of No 1. 
3. and 5. inſtead of which they fall ſhort, No 2. by 
No 4. by 5, and No 6. by + part of the whole. 
Now, if we rely on No 3. and 4. as the turns of the 
fails are as the velocity of the wind; and fince the 
load of the maximum falls ſhort of the ſquare of the 
velocity by about 28 part of the whole: the product 

oo made 
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made by the multiplication of the turns into the load, | 


muſt alſo fall ſhort of the triplicate ratio by about 3 
part of the whole product. 


Maxim 4th. The had of the ſame ſails at the maxi- 
mum is nearly as the ſquares, and their effeft as the 
cubes, of their number of turns in a given time. 


This maxim may be eſteemed a conſequence of 
the three preceding ; for if the turns of the fails are 
as the velocity of the wind, whatever quantities are 
in any given ratio of the velocity of the wind, will 
be in the ſame given ratio of the turns of the fails : 
and therefore, if the load at the maximum 1s as the 
fquare, or the effect as the cube, of the velocity of 
the wind, wanting 25 part when the velocity is 
double - the load at the maximum will alſo be as the 


ſquare, and the effect as the cube, of the number of 
turns of the fails in a given time, wanting in like 


manner part when the number of turns are double 
in the ſame time. In the preſent caſe, if we com- 


pare the loads at the maximum col. 6. with the 


ſquares of the number of turns col. 5. of No 1 and 2. 
5 and 6. or the products of the. ſame numbers col. 8. 
with the cubes of the number of turns col.. 5. inſtead 


of falling ſhort, as Ne 3 and 4. they exceed thoſe 
ratios : but as the ſetts of experiments No 1 and 2. 


5 and 6. are not to be eſteemed of equal authority 


with thoſe of No 3 and 4. we muſt not rely upon 
them further than to obſerve, that in comparing the 
groſs effect: of large machines, the direct proportion 
of the ſquares and cubes reſbecti vely, will hold as near 
es the effects themſelves can be obſerved ; and there- 

fore 
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fore be ſufficient for practical eſtimation, without any 
allowance. | 


Maxim 5th. When ſails are haded ſo as to produce 
a maximum at a given velocity, and the velocity of 
the wind increaſes, the load continuing the ſame ; 
1/tly, The increaſe of effeft, when the 2 of the 
velocity of the wind is ſmall, will be nearly as the 


ſquares of thoſe velocities : 2dly, When the velocity of 


the wind is double, the effects will be nearly as 10: 27%: 
But, 3dly, When the velocities compared, are more 
than double of that where the given lead produces a 

maximum, the effetts increaſe nearly in a mole ratio 


6f the velocity of the wind. 


It has* already been proved, maxim 1ft and 2d, 


that when the velocity of the wind is increaſed, the 


turns of the fails will increaſe in the ſame proportion, 


even when oppoſed by a load as the ſquare of the ve- 
locity ; and therefore if wanting the oppoſition of an 


increaſe of load, as the ſquare of the velocity, the 


turns of the fails will again be increaſed in a fimple 
ratio of the velocity of the wind on that account alſo; 
that is, the load continuing the ſame, the turns of the 
fails in a given time will be as the ſquare of the ve- 
locity of the wind ; and the effect, being in this caſe 
as the turns of the fails, will be as the ſquare of the 
velocity of the wind alſo; but this muſt be under- 
ſtood only of the firſt increments of the velocity of 
the wind : for, 

2dly, As the fails will never acquire above a given 
velocity in relation to the wind, tho' the load was 
diminiſhed to nothing; when the load , the 
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ſame, the more the velocity of the wind increaſes 
(tho the effect will continue to increaſe) yet the 
more it will fall ſnort of the ſquare of the velocity of 
the wind; ſo that when the velocity of the wind is 
double, the increaſe of effect, inſtead of being as 
1: 4, according to the ſquares, it turns out as 10: 272, 
as thus appears. In tab. 4. col. 9. the loads of No 2, 
4, and 6. are the ſame as the maximum loads in 
col. 6. of No 1, 3, and 5. The number of turns of 
the ſails with thoſe loads, when the velocity of the 
wind is double, are ſet down in col. 10. and the pro- 
ducts of their multiplification in col. 11 : thoſe being 
compared with the products of No 1, 3, and 5. col. 
8. furniſh the ratios ſet down in col. 12. which at a 
medium (due regard being had to No 3 and 4.) will 
be nearly as 10: 274. 3dly. The load continuing the 
ſame, grows more and more inconſiderable, reſpect- 
ing the power of the wind as it increaſes in velocity; 
ſo that the turns of the fails grow nearer and nearer a 
coincidence with their turns unloaded ; that is, nearer 
and nearer to the ſimple ratio of the velocity of the 
wind. When the velocity of the wind is double, 
the turns of the ſails, when loaded to a maximum, 
will be double alſo; but, unloaded, will be no more 
than triple, by deduction ad: and therefore the pro- 
duct could not have increaſed beyond the ratio of 
10:30 (inſtead of 10: 275) even ſuppoſing the fails 
not to have been retarded at all by ing the maxi- 
mum load for the half velocity. Hence we ſee, that 
when the velocity of the wind exceeds the double of 
that, where a conſtant load produces a maximum, 
that the increaſe of effect, which follows the increaſe 
of the velocity of the fails, will be nearly as the velo- 
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ity of the wind, and ultimately in that ratio pre- 
day. Hence alſo we ſee that windmills, ſuch as 
the different ſpecies for raiſing water for drainage, 
&c. loſe much of their full effect, when acting againſt 
one invariable oppoſition. | 


V. Concerning the effetts of ſails of different magni- 
tudes, the ſtructure and poſition being fimilar, and 
the velocity of the wind the fame. | 


Maxim 6. In ſails of a fimilar figure and poſition, 
the number of turns in à given time will be recipre- 
cally as the radius or length of the ſail. 


The extreme bar having the ſame inclination to 
the plain of its motion, and to the wind; its velocity 
at a maximum will always be in a given ratio to the 
velocity of the wind; and therefore, whatever be the 
radius, the abſolute velocity of the extremity of the 
fail will be the fame: and this will hold good re- 
ſpecting any other bar, whoſe inclination is the ſame, 
at a proportionable diſtance from the center; it there- 
fore follows, that the extremity of all fimilar fails, 
with the ſame wind, will have the ſame abſolute 
velocity ; and therefore take a ſpace of time to per- 


form one revolution in proportion to the radius ; or, 


which is the ſame thing, the number of revolutions 
in the ſame given time, will be reciprocally as the 
length of the fail. | 


Maxim 7. The had at 4 maximum that ſails of 


a fumilar figure and paſition will overcome, at a given 


diſtance from the center of mation, will be as the cube 
of the radius, | e e 


Geo- 
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Geometry informs us, that in fimilar figures the 
ſurfaces are as the ſquares of their ſimilar fides ; of 


conſequence the quantity of cloth will be as the 
ſquare. of the radius: alfo in ſimilar figures and poſi- 
tions, the impulſe of the wind, upon every ſimilar 
ſection of the cloth, will be in proportion to the ſur- 
face of that ſection; and conſequently, the impulſe 
of the wind upon the whole, will be as the ſurface of 
the whole: but as the diſtance of every ſimilar ſec- 
tion, from the center of motion, will be as the ra- 
dius; the diſtance of the center of power of the 
whole, from the center of motion, will be as the ra- 
dius alfo ; that is, the lever by which the power acts, 
will be as the radius: as therefore the impulſe of the 
wind, reſpecting the quantity of cloth, is as the 
ſquare of the radius, and the lever, by which it acts, 
as the radius ſimply ; it follows, that the load which 
the fails will overcome, at a given diſtance from the 
center, will be as the cube of the radius. 


Maxim 8. The effect of ſails of fimilar figure and 
Poſition, are as the ſquare of the radius. 


By maxim 6. it is proved, that the number of re- 
volutions made in a given time, are as the radius in- 
verſely, Under maxim 7. it appears, that the length 
of the lever, by which the power acts, is as the radius 
directly; therefore theſe equal and oppoſite ratios de- 
ſtroy one another : but as in ſimilar figures the quan- 

_ tity of cloth is as the ſquare 2 the radius, and the 
action of the wind is in proportion to the quantity of 
cloth, as alſo appears under maxim 7; it follows that 
the effect is as the ſquare of the radius, 
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Conor. 1. Hence it follows, that augmenting the 
length of the fail, without augmenting the quantity 
1 of cloth, does is not increaſe the power; becauſe 
! what is gained by the length of the lever, is loſt by 
5 the ſlowneſs of the rotation. 


Cool. 2. If fails are increaſed in length, the 
breadth remaining the fame, the effe& will be as the 
radius. 


VI. Concerning the welocity of the extremities of 
windmill ſails, in reſpect to the velocity of the 
wind, 


Maxim 9. The velocity of the extremities of Dutch 
fails, as well as of the enlarged ſails, in all thetr uſual 
poſitious when unloaded, or even loaded to a maximum, 
are conſiderably quicker than the velocity of the 


Wind. 
The Dutch fails unloaded, as in Tab. 3. No 8. 
j made 120 revolutions in 52": the diameter of the 


fails being 3 fect 6 inches, the velocity of their ex- 
tremities will be 25,4. feet in a ſecond ; but the velo- 
city of the wind producing it, being 6 feet in the 
ſame time, we ſhall have 6: 25,4::1:4,2 ; in this 
caſe therefore, the velocity of their extremities was 
4,2 times greater than that of the wind. In like 
manner, the relative velocity of the wind, to the ex- 
tremities of the ſame fails, when loaded to a maxi- 
mum, making then 93 turns in 52", will be found to 
be as 1: 3,3; or 3,3 times quicker than that of the 
winds 
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The following table contains 6 examples of Dutch 
fails, and 4 examples of the enlarged fails, in differ- 
ent poſitions, but with the conſtant velocity of the 
wind of 6 feet in a ſecond, from table 3: and alſo 
6 examples of Dutch fails in different poſitions, with 
different velocities of the wind, from table 4. 


TAB EE V. containing the ratio of the velocity of the 
extremities of windmill ſails to the velecity of tie 


wind, 
Ne [gle | SE Ratio of the velocity | | 
bs 23 3 of the wind and ex- 
= 3 8 8 5 = tremities of the fails, 
© — D 2 "O 8 — = | 
[AS|52S|Z2* | unloaded. | loaded. | 
I 8 0” ] & ol 1: 4,2 r: 3,3 = | 
2 9 g 10:0 li 1:46.93 11; 2,6 
3 | 10 5 6 © — — —[1: 2,75 = | 
a1 11 | 93] $07:324 8 3 
83 112 10 0.0:1.2:3,$ 123 256 2 
6 13 12 6 © 12.5 113-24 — 
, nor uber Rannaeaeroen, = 
7 | 14 $1 6 ©. 1:1: 43 532 2:6 8 
8 1610 6 | 1:4,1 f: 2,6 4 
„ 0 6 © I:4, 12,3 
BB SEED. | vo | 3: 3o35 1: 2,2 
i e ry " mw — — 
3 . | 4141 | 1: 4s 1 2,8 > 
12-1 2 5 | 8 9 14,3 1 2, 6 . N 
13 3 71 4 44 |— = =: 2.8 = | 
14 | + 7+| 8 9 — — —1 1 257 0 
151 5 | 19 4 41 3: 3,5 13-909 | 5 
[oO]. S043 #9 1 324. 093 — 
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It appears from the preceding collection of ex- 
amples, that when the extremities of the Dutch fails 
are parallel to the plane of motion, or at right angles 
to the wind, and to the axis, as they are made accord- 
ing to the common practice in England, that their 
velocity, unloaded, is above 4 times, and loaded to 
a maximum, above 3 times greater than that of the 
wind : but that when the Dutch fails, or enlarged 
ſails, are in their beſt poſitions, their velocity un- 
loaded is 4. times, and loaded to a maximum, at a 
medium the Dutch fails are 2,7, and the enlarged 
ſails 2,6 times greater than the velocity of the wind. 
Hence we are furniſhed with a method of knowing 
the velocity of the wind, from obſerving the velocity 
of the windmill fails; for knowing the radius, and 
the number of turns in a minute, we ſhall have the 
velocity of the extremities ; which, divided by the 


following diviſors, will give the velocity of the 


wind. | 
Dutch fails in their common poſition gag et #2 
Dutch fails in their beſt poſition —p f Itnigag— 77 


Enlarged fails in their beſt poſition { lndade 4.2 
From the above diviſors there ariſes the following 
compendiums ; ſuppoſing the radius to be 3o feet, 
which is the moſt uſual length in this country, and 
the mill to be loaded to a maximum, as is uſually the 
caſe with corn mills ; for every 3 turns in a minute, 
of the Dutch ſails in their common poſition, the wind 
will move at the rate of 2 miles an hour ; for every 
5 turns in @ minute, of the Dutch fails in their beſt 
F--3 poſition, 
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poſition, the uind moves 4 miles an hour ;, and for 
every 6 turns in a minute, of the enlarged ſails in 
their beſt poſution, the wind will move 5 miles an 
pour, | 

The following table, which was communicated 
to me by my friend Mr. Rouſe, and which appears to 
have been conſtructed with great care, from a con- 
ſiderable number of facts and experiments, and which 
having relation to the ſubject of this article; I here 
inſert it as he ſent it to me: but at the ſame time muſt 
obſerve, that the evidence for thoſe numbers where 
the velocity of the wind exceeds 50 miles an hour, 
do not ſeem of equal authority with thoſe of 50 miles 
an hour and under. It is alſo to be obſerved, that 
the numbers in col. 3. are calculated according to the 
ſquare of the velocity of the wind, which, in mode- 
rate velocities, from what has been before obſerved, 
will hold very nearly. 
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wind, according to their common appellations. 


bs Velocity of 3.8 3 
the Wind. S 2 8 
f FFF 
bY D S- . 1388 
? - 0 LYS © 
I, = ho & = DTD 
| oe I 0 188% 
; 238 [825 
5 nne 
| I I,47 | y005 
2 | 2,93] ,020 
3 4,40] 5044 
45,87] „079 
5 77331 »123 
10 | 14,07 4492 
I5 | 22,00! 1,107 
20 | 29,34 | 1, 968 
25 | 30,67 | 32075 
30 44,01 45429 
35 51,34 0,02 
40 | 53,05 | 7,873 
45 | 65,011 9,963 
50 | 73,35 [12,300 
60 | 88,02 [17,715 
80 [117,36 131,490 
hae 146,70 [49,200 
Lei 
Fr 2 3 


VII. concerning the abſolute effeft, produced by a 
given velocity of the wind, upon ſails of a given 


„* 


Hardly perceptible. 
Juſt perceptible. 


Gentle pleaſant wind. 
Pleaſant briſk gale. 
Very briſk. 


High winds. 


th — th, L 2 ——— 


Very high. 


A ſtorm or tempeſt. 

A great ſtorm. 

An hurricane. 

An hurircane that tears up trees, carries 
buildings before it, &c. 


* 


TaBLE VI. containing the velocity and force of 


Common appellations of the force of winds. 


magnitude and conſtruction. 


It has been obſerved by practitioners, that in mills 


with Dutch tails in the common poſition, that when 
they make about 13 turns in a minute, they then 


Work 
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work at a mean rate: that is, by the compendiums 
in the laſt article, when the velocity of the wind is 
8; miles an hour, or 123 feet in a ſecond; which, 
in common phraſe, would be called a freſh gale. 

The experiments ſet down in Tab. IV. No 4. were 
tried with a wind, whoſe velocity was 84 feet in a 
ſecond ; conſequently had thoſe experiments been 
tried with a wind, whoſe velocity was 129 feet in a 
ſecond, the effect, by maxim zd, would have been 
3 times greater; becauſe the cube of 125 is 3 times 
greater than that of 83. 

From Tab. IV. Ne 4. we find, that the ſails, when 
the velocity of the wind was $4 feet in a ſecond, 
made 1 30 revolutions in a minute, with a load of 
17,25 th. From the meaſures of the machine, pre- 
ceding the ſpecimen of a ſett of experiments, we 
find, that 20 revolutions of the fails raiſed the ſcale 
and weight 11,3 inches: 130 revolutions will there- 
fore raiſe the ſcale 73,45 inches, which, multiplied 
by 17,52 t, makes a product of 1287, for the effect 
of the Dutch fails in their beſt poſition ; that is, when 


the velocity of the wind is 83 feet in a ſecond : this 


product therefore multiplied by three, will give 3861 
for the effect of the ſame fails, when the velocity of 
the wind is 125 feet in a ſecond. EO 

Deſaguliers makes the utmoſt power of a man, 
when working ſo as to be able to hold it for ſome 
hours, to be equal to that of raiſing an hogſhead of 
water 10 feet high in a minute. Now, an hogſhead 
conſiſting of 63 ale gallons, being . reduced into 
pounds averdupois, and the height into inches; the 
product made by multiplying thoſe two numbers 


will be 76800; which is 19 times greater than the 
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product of the fails laſt-mentioned, at 12 feet in a 
ſecond : therefore, by maxim $th, if we multiply 
the ſquare root of 19, that is 4,46, by 21 inches, 
the length of the ſail producing the effect 3861, we 
ſhall have 93, 66 inches, or 7 feet 95 inches for the 
radius of a Dutch fail in its beſt poſition, whoſe mean 
power ſhall be equal to that of a man : but if they are 
in their common poſition, their length muſt be in- 
creaſed in the ratio of the ſquare root of 442 to that 
of 639, as thus appears; 6 

The ratio of the maximum products of N® 8 and 
11. Tab. III. are as 442: 639; but by maxim &, 
the effects of ſails of different radii are as the ſquare 
of the radii; conſequently the the ſquare roots of the 
products or effects, are as the radii ſimply; and 
therefore as the ſquare root of 442 is to that of 
639; ſo is 93, 66 to 112,66; or 9 feet 45 inches. 

If the ſails are of the enlarged kind, then from 
Tab. III. Ne 11 and 15. we ſhall have the ſquare 
root of 8 20 to that of 639; :93,66 : 82,8 inches, or 
6 feet 104 inches: ſo that in round numbers we ſhall 
have the radius of a fail, of a ſimilar figure to their 
reſpective models, whoſe mean power ſhall be equal 
to that of a man; : : 


+ The Dutch fails in their common poſition 9 feet. 
The Dutch ſails in their beſt poſition — 8 
The enlarged fails in their beſt poſition — 7 


Suppoſe now the radius of a fail to be 30 feet, and 
to be conſtructed. upon the model of the enlarged 
fails, Ne 14. or 15. Tab. III. dividing 30 by 7 we, 
thall have 4,28, the ſquare of which is 18,3; and 
this, according to maxim 7, will be the relative 

3 power 
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power of a fail of zo feet, to one of 7 feet; that is, 
when working at a mean rate, the 3o feet fail will be 
equal to the power of 18,3 men, or of 33 horſes ; 
reckoning 5 men to a horſe: whereas the effect of 
the common Dutch fails, of the ſame length, being 
leſs in the proportion of 820: 442, will be ſcarce 
equal to the power of 10 men, or of 2 horſes. 

That theſe computations are not merely ſpecula- 
tive, but will nearly hold good when applied to 
works in large, I have had an opportunity of verify- 
ing: for in a mill with the enlarged fails of 30 feet, 
applied to the cruſhing of rape ſeed, by means of 
two runners upon the edge, for making oil; J ob- 
ſerved, that when the fails made 11 turns in a mi- 
nute, in which caſe the velocity of the wind was 
about 13 feet in a ſecond, according to article 6th, 
that the runners then made 7 turns in a minute : 
whereas 2 horſes, applied to the ſame 2 runners, 
ſcarcely worked them at the rate of 3+ turns in the 
ſame time. Laſtly, with regard to the real ſuperio- 
rity of the enlarged fails, above the Dutch fails as 
commonly made, it has ſufficiently appeared, not 

only in thoſe caſes where they have been applied to 
new mills, but where they have been ſubſtituted in 
the place of the others. * 


VII : Concerning horizontal windmills and water- 
Heels, with oblique vanes. 


Obſervations upon the effects of common wind- 
mills with oblique vanes, have led many to imagine, 
that could the vanes be brought to receive the direct 
impulſe, like a ſhip failing before the wind, it would 
7 | be 


4 
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be a very great improvement in point of power: | 
while others attending to the extraordinary and even | 
unexpected effects of oblique vanes, have been led to | | 
imagine, that oblique vanes applied to water-mills, | 
would as much exceed the common water wheels, | 
as the vertical windmills are found to have excceded 
all attempts towards an horizontal one. Both theſe 2 
notions, but eſpecially the firſt, have fo plauſible an 
appearance, that of late years there has ſeldom been 
wanting thoſe, who have aſſiduouſly employed them- 
ſelves to bring to bear deſigns of this kind: it may 
not therefore be unacceptable to endeavour to ſet this 
matter in a clear light. 

PLATE VI. fig 2d. Let AB be the ſection of a 

plain, upon which let the wind blow in the direction 

CD, with ſuch a velocity as to deſcribe a given ſpace 

BE, in a given time (ſuppoſe 1 ſecond); and let 

4 A B be moved parallel to itſelf, in the direc- 

tion C D. Now, if the plane A B moves with the 

ſame velocity as the wind ; that is, if the point B 
moves thro' the ſpace BE in the ſame. time that a 
particle of air would move thro' the ſame ſpace; it 

is plain that, in this caſe, there can be no preſſure or 2 
impulſe of the wind upon the plane: but if the plane 
moves ſlower than the wind, in the ſame direction, 
ſo that the point B may move to F, while a particle 
of air, ſetting out from B at the ſame inſtant, would 
move to E, then B F will expreſs the velocity of the 
plane; and the relative velocity of the wind and plane 
will be expreſſed by the line FE. Let the ratio of 
F E to BE be given (ſuppoſe 2: 3. ); let the line 
A B repreſent the impulſe of the wind upon the plane 
A B, when acting with its whole velocity BE; but, 
„„ 2 r 
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when acting with its relative velocity F E, let its im- 
pulſe be denoted by ſome aliquot part of A B, as for 
inſtance 3 AB: then will 5 of the parallelogram AF 
repreſent the mechanical power of the plane; that is, 
+ AB x43 BE. . 
2dly, Let IN be the ſection of a plane, inclined 
.in ſuch a manner, that the baſe I K of the rectangle 
triangle IK N may be equal to AB; and the per- 
pendicular N KBE; let the plane IN be ſtruck 
by the wind, in the direction LM, perpendicular to 
1K: then, according to the known rules of oblique 
forces, the impulſe of the wind upon the plain IN, 
tending to move it according to the direction LM, or 
NK, will be denoted by the baſe IK; and that 
part of the impulſe, tending to move it according to 
the direction I K, will be expreſſed by the perpendi- 
cular NK. Let the plane IN be moveable in the 
direction of I K only; that is, the point I in the di- 
rection of I K, and the point N in the direction N Q 
parallel thereto. Now it is evident, that if the point 
IT moves thro the line I K, while a particle of air, 
ſetting forwards at the ſame time from the point N, 
moves thro” the line N K, they will both arrive at the 
point K at the ſame time; and conſequently, in this 
caſe alſo, there can be no preſſure or impulſe of the 
particle of the air upon the plane IN. Now let 10 
be to IK as BF to BE; and let the plane IN move 
at ſuch a rate, that the point I may arrive at O, and 
acquire the poſition I Q. in the fame time that a par- 
ticle of wind would move thro' the ſpace NK: as 
O Qs parallel to IN; (by the properties of ſimilar 
triangles) it will cut N K in the point P, in ſuch a 
manner, that N P=BF, and PK F E: hence it 
| hs appears, 
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appeats, that the plane IN, by acquiring the poſi- 
tion O 8 itſelf from the or be of t the 
wind, by the ſame ſpace NP, that the plane AB 
does by acquiring the pofition F G ; and conſequently, 
from the equality of PK to FE, the relative im- 
pulſe of the wind P K, upon the plane O Q, will be 
equal to the relative impulſe of the wind F E, upon 
the plane FG: and fince the impulſe of the wind 
upon AB, with the relative velocity FE, in the di- 
rection B E, is repreſented by 4 A B; the relative 
* of the wind upon the plane IN, in the di- 
ion N K, will in like manner be repreſented by 
3I K; and the impulſe of the wind upon the plane 
IN, with the relative velocity PK, in the direction 
IK, will be repreſented by 3 NK: and conſequently 
the mechanical power of the plane I N, in the direc- 
tion I K, will be + the parallellogram I Q: that is 
IIK, NR: that is, from the equality of I AB 
and N K=BE, we ſhall have 3 I = ABx4BE 
=3 A Bx 3 BE=; of the area of the parallellogram 
AF. Hence we deduce this 


GENERAL PROPOSITION, 


That all planes, however ſituated, that intercept 
the ſame ſection of the wind, and having the ſame re- 
lative velocity, in regard to the wind, when reduced 
into the ſame direction, have equal powers to produce 
mechanical effefts. 2 

For what is loſt by the obliquity of the impulſe, 
is gained by the velocity of the motion. | 

Hence it appears, that an oblique fail is under no 
diſadvantage in reſpect of power, compared with a 
direct one; except what * from a diminution of 
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its breadth; in reſpect to the ſection of the wind: 
the breadth I N being by obliquity reduced to IK. 
The diſadvantage of horizontal windmills there- 
fore does not conſiſt in this; that each ſail, when 
directly expoſed to the wind, is capable of a leſs 
power, than an oblique one of the ſame dimenſions; 
but that in an horizontal windmill, little more than 
one ſail can be acting at once: whereas in the com- 
mon windmill, all the four act together: and there- 
Fore, ſuppoſing each vane of an horizontal windmill, 
of the ſame dimenſions as each vane of the vertical, 
it is manifeſt the power of a vertical mill with four 
fails, will be four times greater than the power of 
the horizontal one, let its number of vanes be what it 
will: this diſadyantage ariſes from the nature of the | 
thing; but if we conſider the further diſadvantage, 
that ariſes from the difficulty of getting the fails back 
again againſt the wind, &c. we need not wonder if 
this kind of mill is in reality found to have not above 
Or * of the power of the common ſort ; as has ap- 
peared in ſome attempts of this kind. 
In like manner, as little improvement is to be ex- 
pected from water-mills with oblique vanes : for the 
power of the ſame ſection of a ſtream of water, is 
not greater when acting upon an oblique vane, than 
when acting upon a direct one: and any advantage 
that can be made by intercepting a greater ſection, 
which ſometimes may be done in the caſe of an open 
river, will be counterballanced by the ſuperior reſiſt- 
ance, that ſuch vanes would meet with by moving at 
Tight angles -to the current : whereas the common 


| Floats always move with the water nearly in the ſame 
Airection. 


Here 
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Here it may reaſonably be aſked, that fince our 
geometrical demonſtration is general, and proves, that 
one angle of obliquity is as good as another ; why in 
our experiments it appears, that there is a certain 
angle which is to be preferred to all the reſt? It is to 
be obſerved, that if the breadth of the fail I'N is 
given, the greater the angle K IN, and the leſs will 
be the baſe I K: that is, the ſection of wind inter- 
ſected, will be leſs: on the other hand, the more 
acute the angle K IN, the leſs will be the perpendi- 
cular KN: that is, the impulſe of the wind, in the 
direction I K being leſs, and the velocity of the fail 
greater; the reſiſtance of the medium will be greater 
alſo. Hence therefore, as there is a diminution of the 
ſection of the wind intercepted on one hand, and an 
increaſe of reſiſtance on the other, there is ſome angle, 
where the diſadvantage ariſing from theſe cauſes up- 
on the whole is the leaſt of all; but as the diſadvan- 
tage ariſing from reſiſtance is more of a phyſical than 
geometrical conſideration, the true angle will beſt be 
aſſigned by experiment. 


SCHOLIUM. 
In trying the experiments contained in Tab. III. 
and IV. the different ſpecific gravity of the air, which 
is undoubtedly different at different times, will cauſe 
a difference in the load, proportional to the difference 
of its ſpecific gravity, tho' its velocity remains the 
ſame ; and a variation of ſpecific gravity may ariſe 
not only from a variation of the weight of the whole 
column, but alſo by the difference of heat of the air 
concerned in the experiment, and poſſibly of other 


cauſes; yet the irregularities that might ariſe from a 
dif- 


— 
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difference of ſpecific gravity were thought to be 
too ſmall to be perceivable, till after the principal 
experiments were made, and their effects compared; 
from which, as well as ſucceeding experiments, thoſe 
variations were found to be capable of producing a 

ſenſible, tho no very conſiderable effect: however, 
as all the experiments were tried in the ſummer ſea- 
ſon, in the day-time, and under cover; we may ſup- 
poſe. that the principal ſource of error would ariſe 
from the different weight of the column of the atmo- 
ſphere at different times; but as this feldom varies: 
above +7 part of the whole, we may conclude, that 
tho many of the irregularities contained in the experi- 
ments referred to in the foregoing eſſay, might ariſe 
from this cauſe; yet as all the principal concluſions 
are drawn from the medium of a conſiderable num- 
ber, many whereof were made at different times, it 
is preſumed that they will nearly agree with the 
truth, and be altogether ſufficient for regulating the 
practical conſtruction of thoſe kind of machines, for 
which uſe they were principally intended. 
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XIX. An Account of the remarkable Altera- 

tion of Colour in a Negro Woman: na © 
Letter to the Reverend Mr. Alexander 
Williamſon of Maryland, from Mr. 
James Bate, — in that Province, 
_ Communicated by Alexander Ruſſel, M. D. 
F. R. 5. 


To the Rev. Tho. Birch, D. D. ww N. S. 


S IR, 
Read, 10 May, GOM E account of the extraordinary 
1759. facts mentioned in the incloſed let- | 
ter having been communicated to me, above a year 
ago, by the Reverend and ingenious Mr. William 
ſon of Maryland, I thought them worthy of atten- 
tion; and therefore begged, that he would be fo kind, 
as to get ſome Gentlemen of the faculty to aſſiſt 
him in making a further enquiry. He has accord- 
ingly — to me the caſe, now ſent you, as 
related by Mr. Bate, a practitioner in phyſic, of ſome 
note in that part of the world. 
I have alfo had the particulars fince confirmed to 
me by two Gentlemen now in England, who have 
often ſeen the woman; ſo ſhall make no farther apo- 
logy for giving you this trouble, in order to its be- 
ing communicated to the Royal Society. 
-- 2 a, Orr, 


| Your moſt obedient humble Servant, 
lender Ma „ Alexander Ruſſell. 
II. 


76 
SIR, ER 
IN compliance with your defire, I ſend as particu- 
lar an account of the extraordinary metamorpho- 
fis obſervable in colonel Barnes's negro woman, as I 
have been able to procure. 

Frank, a cook-maid of the above-named Gentle- 
man, a native of Virginia, about 40 years of age, 
remarkably healthy, of a ſtrong and robuſt conſti- 
tution, had her ſkin originally as dark as that of the 
moſt ſwarthy. African; but about fifteen years ago, 
obſerved that membrane, in the parts next adjoining 
to the finger nails, to become white. Her mouth 
| ſoon underwent the ſame change, and the phæno- 
menon hath fince continued gradually to extend it- 
ſelf over the whole body; fo that every part of its 
ſurface is become more or leſs the ſubje& of this 
ſurpriſing alteration. In her preſent ſtate four 
in five of the ſkin are white, ſmooth, and tranſpa- 
rent, as in a fair European, elegantly ſhewing the 
ramifications of the ſubjacent blood-veſſels: the 
parts remaining ſooty daily loſe their blackneſs, and 
in ſome meaſure partake of the prevailing colour ; 
ſo that a very few years will, in all probability, in- 
duce a total change. The neck and back, along 
the courſe of the vertebræ, maintain their priſtine 
hue the moſt, and in ſome ſpots proclaim their ori- 
ginal ſtate : the head, face, and breaft, with belly, 
legs, arms, and thighs, are almoſt wholly white ; 
the pudenda and axillz party-coloured ; the ſkin of 
theſe parts, as far as white, being covered with white 
hair ; where dark, with black. Her face and breaſt, 
as often as the paſſions anger, ſhame, &c, have been 
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excited in her, have been immediately obſerved to 
glow with bluſhes; as alſo when, in purſuance of 
her buſineſs, ſhe has been expoſed to the action of 
the fire upon theſe parts, ſome freckles have made 
their appearance. After having deſcribed her pre- 
ſent appearance, as well as I am able, I ſhall not 
pretend to offer any conjectures of my own upon the 
ſubject; leſt being led away by a train of reaſoning, 
I ſhould loſe myſelf, in endeavouring to eſtabliſh a 
favourite hypotheſis; but, on the contrary, ſhall 
confine myſelf to a ſimple narration of ſuch facts, as 
may prevent miſtakes, or obviate difficulties, ariſing 
in the inveſtigation of this difficult piece of phyſical 
hiſtory. And in the firſt place, leſt the change 
ſhould be thought the conſequence of a previous 
morbid ſtate, ſhe declares, that, excepting about ſe- 
venteen years ago, when ſhe was delivered of a 
child, ſhe hath never been afflicted by any complaint 
of 24 hours continuance ; and that ſhe never remem- 
bers the catamenia to have been either irregular or 
obſtructed, only during this pregnancy : ſhe hath 
never been ſubject to any cutaneous diſorders, or 
made uſe of any external applications, by which this 
phænomenon might be produced. The effects of 
the bile upon the ſkin are well known to phyſicians, 
and have given riſe to an opinion, that its colour was 
determined thereby: for my own part I cannot be- 
lieve it has any thing to do here, ſince, from all the 
circumſtances I have been able to collect, I cannot 
find the leaſt reaſon to ſuſpect, that this fluid, whether 
cyſtic or hepatic, has undergone any alteration. As 
uſtion is known to make the ſkin of negroes become 
white, and as ſhe is daily employed in the buſineſſes 

Ver. LI. 55 of 


[178] 


of cookery, it may perhaps be ſuppoſed the effect 
of heat : but this can never be the caſe, as ſhe has 
ever been well clad; and the change 1s as obvious in 
the parts protected from the action of that element, 
as in thoſe the moſt expoſed thereto. As an emunc- 
tory, the ſkin ſeems to perform its office as well as 
poſſible, the ſweat with the greateſt freedom indif- 
ferently pervading the black and white parts. The 
effects of a bliſter I mentioned to you I am yet a 
ſtranger to, as that, which I applied upon the outſide 
of the arm, did not anſwer the intended purpoſe : 
whether this was owing to its being laid upon a part 
too much expoſed, or that the corpus reticulare be- 
ing deſtroyed, there may be ſuch an adheſion of the 
cuticle to the cutis, as may render them inſeparable, 
a ſecond experiment muſt determine. If, upon your 
ſending this to Dr. Ruſſell, he, or any of his learned 
acquaintance, to whom he may communicate it, 
ſhall think any future experiments neceſſary, I ſhall 
be glad to execute them under their directions, not 
only for my private ſatisfaction, but in order to con- 
vince you, how much pleaſure I take in doing every 
thing, that may oblige Mr. Williamſon or his friends. 


1 am, Sir, 
| Your obedient humble Servant, 


Leonard-Town, 


6th Sept. 1758. James Bate, 


Surgeon in Maryland. 


AX. The 
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XX. The Cafe of a paralytic Patient cured 
by an electrical Application, incloſed in a 
Letter from Doctor Himſel, at Riga, zo 
Jacob de Caſtro Sarmento, M. D. F. R. &. 
Tranſlated from the French. 


Read May 17, N the 1oth of March 1752, a young 

7 man 20 years of age, whoſe name 
is Mauve, in his infancy had a fall, by which his 
right arm became paralytic, of which he never had 
the leaſt uſe from five years old. He was brought 
to me in order to attempt his cure by electricity; 
and he was in much the ſame condition with the pa- 
tient cured by Mr. Falabert at Geneva; who could 
not move his right hand in the leaſt, and was after- 
wards able to help himſelf, and follow his trade. 
All the fingers of the paralytic hand were diſabled, 
and the hand was ſo bent towards the elbow, as to 
form a right angle; the hand was of a red and blue 
colour, as if it had been ſtruck with froſt. The ex- 
tenſor muſcles of the wriſt and fingers had an atro- 
pby, and the whole fore-arm was ſhrivled ; beſides 
which, all his right fide was paralytic, as well as the. 
right arm, at the beginning of his diſeaſe ; and the 
right foot was very much weakened. 

He approached the electrical tube, and touched it 
for ſome minutes; till the 7henar, hypothenar, anti- 
thenar, indicator, and the interaſſei, as well as the 


fingers of the lame hand, ſuffered electrical ſhocks 
-one after another. | 
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The ſpectators were amazed to find, that, at this 
firſt trial, the young man could ſucceffively extend 
his thumb, index, and middle fingers, and at length the 
ring and little fingers ; and on the following days his 
friends obſerved, that his hand was no longer ſo ri- 
gid as it had been. The good effect of this firſt eſſay, 
and the defire of the patient and his relations, encou- 
raged me to repeat it on the 16th; and I increaſed 
the electrical power by the known means of the 
flagon of water. I ſtripped his arm, and by turns 
gave the ſhock to the cubiteus externus, radius 
externus, the extenſor magnus, the interoſſei, exten- 
for policis, and the other muſcles of the thumb. He 
complained ſometimes, that his hand and arm were 
numbed and ſtiff: I therefore cauſed it to be well 
rubbed with a towel, by which it became flexible : 
I made them alſo rub his hand with a woollen cloth; 
and continue it ſome time ; and I obſerved, that this 
hand, which bent towards the elbow for fifteen 
years, became ſtraitened out, altho* it fell into its 
former ſituation fome ſeconds after. This was the 
more remarkable, as many applications had been 
made before by the ableſt phyſicians. The 17th the 
patient told me, that his hand opened of itſelf the 
day before at three different times, and was alſo 
ſtraitened out with the elbow ; but that it cloſed and 
bent up again of itſelf. The ſecond time that I elec- 
trified him, he was more ſenſible of the ſparks, and 
this day he felt them ſtill more, having made them 
ſtronger by Muſchenbroek's invention; he could 
ſcarce bear them: the numbneſs of his arm and hand 
followed as before, which generally happened after- 
wards upon electrifying him; but he always found 


him- 
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himſelf better upon rubbing, as before. This third 
time he extended his hand and fingers more than 
once, without the aſſiſtance of his other hand: never- 
theleſs, as he complained of very ſharp blows from 
the ſparks, I changed my firſt method the 18th, and 
mounting upon a box filled with pitch, I took the 
tube in one hand, and, by means of a key which I 
held in the other, I touched him where I thought 
proper, in order to draw the ſparks ; but as the ſhocks 
were very ſtrong, I placed under the tube two flagons 
filled with water, making a communication of the 
water with the tube, by means of an iron wire. In 
viewing the naked arm, it plainly appeared it was 
become more fleſhy. The night after he ſlept better 
than the foregoing between the 17th and 18th, when, 
tho' he found himſelf much fatigued all over, his 
fleep was often interrupted by very ſharp pains in the 
upper part of his arm; which part, nevertheleſs, I 
had not touched at all ; but he had that day under- 
gone very ſtrong thocks. He alſo felt great heat in 
his hand together with theſe pains, and this heat was 
felt almoſt every time after he had been electrified, 

- both in the hand and the whole length of the arm. 
On the 19th, 2oth, and 21ſt, ſome affairs pre- 
vented my continuing the operation; but I adviſed 
him to exerciſe his arm every way he poſſibly could, 
having obſerved, that even the muſcles of the arm 
leaſt affected, after ſo long a time of inactivity, were 
much weakened ; and the patient was gradually cap- 
able of taking up his glove from the ground ſeveral 
times ſucceſſively, and even to put on and take off his 
hat with the paralytic hand, which he alſo repeated 
the following days. On the 22d, I obſerved, m=_ 
the 
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the upper part of the arm, near the deltoid muſcle 
(which was ſtill very large near the 5zceps) and the 
extenſores cubiti, two deep hollows ; and the exten- 
fion of the elbow was made with great difficulty : 
wherefore I touched him chiefly upon thoſe muſcles 
which cover the upper part of the arm, having in- 
creaſed the electrical power in Muſchenbroek's man- 
ner; for he ſeemed to come on but ſlowly while the 
ſhocks were but mild. But I made the neceſſary 
diſpoſitions to hinder his being at the trouble of lift- 
ing up his arm to touch the tube; I applied it to the 
hand and arm where I judged neceſſary; and, on the 
23d following, he was able to lift and carry a weight 
of ſixteen pounds and an half. 

I repeated the operation on the 23d, 24th, and 
25th. He was extremely ſenfible of the ſlighteſt 
ſhocks on the laſt day, fo as to excite compaſſion in 
all that were preſent. Beſides which, during the time 
that his arm was electrifying, I obſerved certain pro- 
tuberances in thoſe places, from whence I drew the 
ſparks, like thoſe which profeſſor Jallabert had ſeen 
in his patient; but in theſe two days they became 
very large, and, upon rubbing the arm, the ſkin 
peeled off: notwithſtanding they diminiſhed on the 
following days, altho' the ſhocks were made more 
powerful ; which 1s the more remarkable. The del- 
toid muſcle, which, on the 22d, was obſerved to be 
ſo large, became much leſs; and the hollows, which 
were between this and the biceps and extenfors of the 
elbow, were filled up ; but, upon bending the elbow, 
there remained ſtill a preternatural rigidity. 

On the 27th, the patient gave ſeveral proofs of the 
advantage he had gained by the electricity, in the pre- 
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ſence of ſeveral perſons: he opened and ſhut the 
fingers of his right hand without the aſſiſtance of the 
other: he could ſtretch out and bend the carpus and 
metacarpus at pleaſure : he took up from the ground 
his glove and other things, and a weight of 16+ lb. 
above three feet, moving it backwards and forwards 
at the ſame time; and he could have employed 
more ſtrength with the affected arm, than was ſuffi- 
cient to hold up the weight, without any inconve-- 
nience. 3 3 
We then ſtripped both arms, and found, that, as 
to the external appearance, the paralytic arm was be- 
come more like the other; and the hand and fingers 
were better covered with fleſh than before. Beſides, 
ſeveral muſcles of the arm, eſpecially thoſe of the 
fore-arm, were fuller ;. the blue and red colour of 
that hand diſappeared, and it was now like the 
other. But the extenſion of the elbow was yet a 
little difficult; nor were the fingers yet ſufficiently 

flexible ; and therefore it was ſomewhat troubleſome 
for him to lay hold on, and keep, any thing in his 
hand. On the 28th, he performed all thoſe proofs 
before ſome profeſſors and doctors of the academy 
with ſucceſs. They viewed his arms and hands, and 
the change that was brought about was evident. I 
afterwards electrified his arm and hand; but princi- 
pally the extenſors of the elbow, the great extenſor, . 
and the interofleous muſcles, and alfo the indicator 
and muſcles of the thumb. The 29th he told me, 
that the arm ſweated continually from the day be- 
fore, which happened ſeveral times after being elec- 
trified ; and that the ſweat would often continue till 
next day, On repeating, this day, my open, 
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he ſweated all over his body; and having returned 
home, he felt as if a number of globules of blood 
flowed up his affected arm, which made ſo ſtrong an 
impreſſion upon him, that it frighted him; but have- 
ing ſtripped his arm, no ſort of alteration appeared. 

On the ziſt of March, he was able to take up a 
glaſs of beer in the paralytic hand, to hold it ſteady, 
and put it to his mouth, drinking to the health of all 
the company one after another ; and fince that time 
he helps himſelf at table with his right hand. When 
he came to me on the firſt of April, he lifted from 


the ground, almoft three feet, a weight of 33 Ib. in 


the preſence of ſeveral perſons, which he was not able 
to do before, tho' he had tried ſeveral times. On 
this day the arm was electrified again in the parts that 
required; but as the ſenſation in this arm was nearly 
equal to that of the other, he was no longer able to 
undergo the ſhocks, for an hour, as he uſed to do; 


tho he was very ſenſible of the advantages gained by 
the electrical operation: however, he fainted away, and 


therefore we were forced to forbear a little. Beſides 
this, he was often ſubject to a looſeneſs; which No- 
guez at Geneva was alſo. On the 4th of April in the 
evening, I expoſed the paralytic arm once more to 
the electrical ſparks ; and as there always were ſome 
perſons by at the operations, there was this time a 
Frenchman preſent, who had a megrim. He under- 
went the ſhock twice, according to Muſchenbroek's 
method ; and came to thank me next day for having 
cured the diſorder of his head. On the 5th of April, 
J again electrified my patient, and the ſenſation was 
now nearly recovered in the paralytic arm, which 
was reſtored to a healthy condition, He extended 


his 


„E16 
his fingers, and contracted them at pleaſure, could 
move the carpus and metacarpus at will; he took off 
his hat, and put it on, and had gained ſo much 
ſtrength in his hand and arm, that he raiſed a forty 
pound weight to the height of three feet from the 
ound. 

af Such was the ſtate of my patient after having elec- 
trified him fourteen times from the 1oth of March, 
almoſt an hour each time. I did not touch his foot, 
which was a little paralytic from the beginning, hav- 
ing never been very troubleſome to him. 

From the 5th to the 27th of April, he was elec- 
trified eleven times more ; during which time the 
ſtrength of his arm ſtill increaſed : he not only raiſed 
above 40 Ib. weight with his right hand, moving it 
backwards and forwards at the ſame time, but he 
wrote his name, Andrew Mauve, with a craion, with 


the ſame hand, which he had not been capable of 


moving for fifteen years before. . 
John Godfrey Teſke. Fj 

| 

*: | 

i 

1 


Vor. LL. Bb . 


186 ] 


XXI. An Account of ſome Obſervations relat- 
ing to the Production of the Terra Tripo- 
litana, or Tripoli Humbly addreſſed to 
the Royal Society of London, by Martin 
— Felliw of the ſaid 4 Profeſ- 
for of Hiſtory in the Univerſity of Copen- 


hagen, and Member of the Royal cademy 
of Tuſeriptions and Belles Lettres of Paris. 
Tranſlated from the French, by Emanuel 


Mendes da Coſta, F. R. &. 


Read June 21, URING a journey I made, in the 

"75% autumn of the year 1755, through 
ſeveral provinces of France, principally in Britany, 1 
made the natural hiſtory of that province, which 
has plenty of productions worthy the attention of a 
naturaliſt, one of the objects of my reſearches. The 
lead mines of Pouillaüen in the Lower, and thoſe of 
Pontpean in the Upper Britany, employed me ſome 
time. The metallic veins in theſe mines are not only 
rich and regular, but alſo hold a great proportion of 
ſilver, which they do not extract with that profit, that 
might be done. In general, they could work theſe 
mines to greater advantage, if they were more ſkil- 
ful, or had proper machincs, and above all others 
the fire engine, which is uſed with ſuch ſucceſs in 
the mines of Cornwall to drain off the water, that cle- 
ment being the greateſt obſtacle to the right working 
of the mines of Britany : but the advantages of this 


invention, glorious to its firſt diſcoverer, and uſeful 
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to this nation, where it has been perfected, are yet fo 
unknown in France, that there are even mechani- 
cians in that kingdom, who ſeriouſly doubt, whether 
the fire engine is any-wiſe uſeful. I ſhall not here 
mention any thing of fome rare and curious foflils 
found in Britany, nor of the ſquare ſtones of a parti- 
cular ſpecies, on the formation of which the late M. 
de Robier, prefident of the parliament of Rennes, 
who had a magnificent collection of natural hiſtory, 
employed his thoughts. I likewiſe ſhall paſs over in 
filence the marbles and the plumb pudding ftones, 
called in France cail/oux de Rennes, from the vaſt 
quantities of them found in the neighbourhood of 
that city. The chief and only ſubject I propoſe in 
this diſſertation, is the generation or production of 
the terra Tripolitana, or Tripoli, of which there are 
great quantities, and of the beſt kind, in Upper Bri- 
tany. I more readily determine to give this illuſtri- 
ous Society an account of my obſervations on this ſub- 
ject, as not only the diſcovery I think I have made 
thercon is very curious, but alto that the generation of 
this earth has been hitherto uttcrly unknown, no one 
having, to my knowlege, explained, before me, in 
what manner it is produced. It is true, I heard in 
France, that a young gentleman, a native of Britany, 
had wrote ſomewhat on this ſubject, and that his diſ- 
ſertation was to be inſerted in a collection of miſcel- 
— laneous papers, or looſe pieces; but I never could 
ſee his ſaid diſſertation, nor know what it contained; 
therefore I am incapable of judging what it 1s. 

In the mountain de Poliguè, called by the Bretons 
le Tertre gris, i. e. the grey hill, I think I have diſ- 
covered the true origin of Tripoli. This mountain, 
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the Breton name whereof is manifeſtly derived from 
the greyith colour of its ſummit, is ſituated in Upper 
Britany, near the inn of Roudun, on the road from 
Rennes to Nantes, a ſmall league wide of Baru, and 
five leagues from Rennes. Obſervations and ex pe- 
rience are the only means, that can conduct us to 
certain knowlege in natural hiſtory ; and it is conform- 
able to that axiom, that I mean, ſimply, to lay be- 
fore the Society what I obſerved in that mountain, 
relating to the generation of Tripoli, and, at the ſame 
time, to produce alſo the moſt authentic documents 
of nature, in order to prove, that the terra Tripolitana, 
or Tripoli, is probably only a wood wholly petrified, 
and afterwards calcined by the ſubterraneous fire, 

To give more weight to what I propoſe, and to 
eſtabliſh this aſſertion, it will be neceſſary to obſerve 
here, that the mountain of Poligne, in the interior of 
which the Tripoli is found, has been, and 1s perhaps 
yet, a volcano, Its colour, its form, its fiſſures, and 
its ſtrata, prove it; and the inhabitants of the neigh- 
bourhood declare, that they have formerly ſeen fire 
on its ſummit at night; but that, however, for many 
years paſt, they have not perceived any more, This 
being granted, . I have only now to give an account 
of what is to be obſerved in the mountain itſelf, and 
to produce ſpecimina of the different ſtrata of earth 
found therein, to aſcertain the truth of my theſis. 

The ſtratum of the true Tripoli, intirely calcined, 
lies from 50 to 60 feet depth; the ſample of it here 
produced is marked Nꝰ 1. This ſtratum is white; but 
it ſometimes has a caſt of grey, and ſometimes 1s of 
a reddiſh hue, as the ſample itſelf ſhews. It is quite 
or fully calcined and converted into Tripoli, becauſe it 


lay 
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lay near to the ſubterranean fire of the volcano, ſo as 
to be violently affected by it. 

The ſtratum above this, of which No 2. is a ſam- 
ple, is already much burnt and calcined, but not 
enough to be whitened, having lain too far from the 
violence of the ſubterraneous fire to be freed intirely 


from its heterogeneous and combuſtible parts, inſo- 


much that the fire has left it quite black. 

The ſmall layer or ſtratum, which follows, that is, 
lies above it, or overlays the laſt, and of which No 3. 
is a ſmall ſample, is yet yellowiſh, verging on brown ; 
and altho' the burning 1s eaſily ſeen on the extremi- 
ties, and the effect of the fire in the interior part of 
the layer, yet it is eaſily to be underſtood, that it is 
the weakneſs of the fire incapable of reaching it with 
a force neceſſary to calcine it, that has put it and left 
it in this ſtate of im perfection. When one views this 
ſample narrowly, veſtiges, which appear pores of a 
wood, are eaſily diſcovered. 

The next layer ſhews the fame thing, but more 
clearly: the pieces marked N* 4. are ſamples of it. 
This layer has been leſs attacked by the fire than thoſe 
under it; nevertheleſs the lightneſs of the ſubſtance 
ſhews, that it is already a little calcined, and the 
ſight alone clearly demonſtrates the reſemblance of 
its pores to thoſe of wood. 

The piece taken from the fifth ſtratum, and marked 
Ne 5. confirms this ſame obſervation. It is more 
weighty in proportion than all the others, becauſe it 
is leſs calcined ; and indeed it is lets calcined, only 
becauſe it was the fartheſt diſtant from the ſubterra- 
nean fire, and thereby has ſuftered leſs, as I have ob- 
ferved before. However, its ends or extremities evi- 
© -< cently 
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dently prove the action of the fire even on this higher 

or upper ſtratum ; and its interior parts likewiſe prove 
as evidently, that this ſubſtance has been formerly 

petrified wood, but from which the ligneous parts 
have been driven away, and conſumed by a heat ſu- 

perior to their reſiſtance. 

I do not doubt, but had my time permitted me to 
make further refearches, I ſhould have found in the 
mountain pieces of petrified wood not yet altered or 
deſtroyed by the action of the fire; but my leiſure 
not anſwering to my wiſhes, I thought I might remain 
contented with what I have now the honour to pre- 
ſent to the Socicty, and which ſeems to me ſufficient 
to determine the procefs of nature in the generation 
or production of Tripoli. 

If I am afked how all this vaſt quantity of wood 
could be heaped or gathered together in this moun- 
tain? I anſwer, 19. That it is not to be ſuppoſed 
that the ſeveral layers or ſtrata of Tripoli, perfect or 
imperfect, follow each other without any interrup- 
tion. 2dly, It may be allowed me to ſuppoſe a de- 
luge, whatever it was, and which has covered many 
parts of our globe, to accumulate Here all this wood, 
and even aid its petrification. 3dly, A further proof 
of my aſſertion is the wood-coals *, which inconteſt- 
ably are found deep in the earth; for there are intire 
quarries of them in Saxony, in the. neighbourhood of 
Halle, and which do not ſuppoſe a leſs quantity of 
wood: befides, it is uſeleſs to diſpute againſt obſer- 


vation and experience, when they are ſolidly eſta- 
bliſhed. | 


* Wood-coals, The author uſes the words “ charbons de bois ;”? 


but what he means by his intire quarries of charbons de bois, I de- 
clare myſelf ignorant of. 
I muſt 
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I muſt here further obſerve, that the volcano of 
Poligne did not, perhaps, ceaſe to flame on the 
upper part of the mountain, till after the ligneous 
parts of the wood buried in it ceaſed to furniſh the 
pabulum neceſſary to the fire. 

I ſhall be happy, if theſe obſervations merit the ap- 
probation of this illuſtrious Society, to whom I have 
the honour to dedicate them ; but, however, am de- 
lighted, that they procure me an occaſion of teſtifying 
my zeal for this reſpectable and learned body, in 
communicating to it all obſervations, which appear to 
me uſeful. 4 

However, I do not abſolutely pretend, that all 
Tripoli is a wood, wholly or per totum petrified, and 
afterwards calcined by the ſubterraneous fire. There 
are Tripolis of many kinds, as well as of ſeveral de- 
grees of goodneſs ; and among theſe there may be 
ſuch, as are not otherwiſe than a real or native foſſil, 
deprived by fire of its primitive hardneſs and weight : 
but yet I believe, that the Tripoli, which has its ori- 
gin from a petrified wood, mult be the beſt, becauſe 


naturally it ought to be the fineſt, ſofteſt, and the 
beſt calcined. 


London, 8th Octob. 1757. 


Remarks on Mr. Hubner's Paper on Tripoli. 


HE is of opinion, that the different ſtrata, marked 
in his ſpecimina N* 1, 2, 3, 4, and 5. are all 
the ſame, only under different degrees of calcination. 
But N® 2. ſeems to difter from the reſt, as it looks 
like mere charcoal, and appears to be very little, it 

at 
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at all, petrified or ſaturated with extraneous particles ; 
I would therefore propoſe, not only that this N® 2. 
ſhould be further calcined, in order to be ſatisfied, 
whether it will, by that means, come to be of the 
ſame nature with N 1. but likewiſe that the follow- 
ing Ne 3, 4, and 5. which Mr. Hubner ſuppoſes to 
be leſs calcined, ſhould undergo the ſame trial, in 
order to obſerve, whether they will by that means 
become Tripoli ; alſo to know, whether by being cal- 
cined for ſome time (before they are reduced to tri- 

poli) they will put on the appearance of a coal like 
N 2. for, if they do not, as I ſuſpect may be the 
caſe, it will be little leſs than a proof, that N® 2 
which ſeems the plaineſt wood of any, differs from 
the others more eſſentially than merely in its degree 
of calcination. Perhaps it may alſo be found, that 
Ns 3, 4, and 5. differ not only from Ne 2. but like- 
wiſe from Ne. and may not be 8 of being 
reduced to Tripoli. | 


Remarks on the preceding Paper: In 
Letter to the Right Honourable the * 
of Macclesfield, Preſ. R. S. from Mr. 
Emanuel Mendes da Coſta, F. R. 5. 


r My Lord, 
Read June YOUR Lordſhip's commands to wait 
£759: on Mr. Profeſſor Hubner, when in 
England, to receive his paper on the production of 
Tripoli, which he deſigned for the Royal Society, and 


to diſcourſe with him thereon, in order to tranſlate it, 
and 
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hy it before this illuſtrious body, I accordingly 
obeyed ; and the incloſed is the ſaid paper. My avo- 
cations, which now abſorb many hours I formerly 
dedicated to ſtudy, have been the only cauſe, my 
Lord, that I have detained it fo long; I therefore 
hope for your Lordſhip's and the Society's pardon. 

When I firſt undertook the tranflation, I had 
thoughts of giving my opinion thereon, not only by 
reaſoning, but, alſo by experiments. Time, my Lord, 
has not permitted me to do ſo; and fince, having 
ſeriouſly reflected, that Mr. Hubner, in his laſt para- 
graph, turns his intire ſyſtem into a partial produc- 
tion of one ſpecies of Tripoli, I think it unneceſſary to 
trouble your Lordſhip, or the Society, with any ar- 
guments pro or con. I ſhall only obſerve, that it is 


not improbable but ſome of Mr. Hubner's Tripoli, as 


he ſurmiſes, may have been produced from the petri- 
fied wood he found in the mountain; and the whole 
account is then reduced to this only circumſtance, 
that the layers of foſſil wood in this mountain, hav- 
ing been ſaturated with the Tripoline particles, which 
likewiſe abound in the fame mountain, thereby com- 
poſed a ſtone, or third body; and that afterwards 
theſe Tripoline particles were again reduced, by the 
effects of a ſubterraneous fire, to their priſtine ſtate; 
the force of the fire deſtroying the compages of the 
third body, or ſtone. 

Had the wood, my Lord, been ſaturated with any 
other metallic mineral, or earthy particles, I believe 
every judge of ſcience will determine, that the calci- 
nation of petrified wood, alone, could never have 


changed it into Tripoli. 


I have, in my hiſtory of foffils, p. 76. 85. and 87. 


deſcribed five kinds of the Tripoli earth; and Mr. 
Yo L. LI. GS Hub- 
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Hubner's kind, here mentioned, is only a variety of 
that I call creta, tripela alba dicta, p. 76. Ne 1. Your 
Lordſhip will pleaſe to obſerve, that of all the faid 
kinds none are produced in general by any ſuch ope- 
rations of nature, as Mr. Hubner intimates ; therefore, 
my Lord, reaſon will convince, that this is only a 
partial and local origin of his Tripoli, by concurring 
circumſtances of wood and Tripoli buried together in 
the bowels of a volcano ; for as we find this very ſpe- 
cies elſewhere produced without ſuch circumſtances, 
it is certain they are not the ſole efficient cauſes of 
its production. 
I am, with great ſubmiſſion and reſpect, 


My Lord, 
Your Lordſhip's moſt devoted, 
moſt obliged, and moſt obedient 


humble ſervant, 


Bearbinder Lane, Emanuel Mendes da Coſta. 
19 June, 1759. 


, 


XXII. A remarkable Caſe of an Empyema. 
By Mr. Joleph Warner, F. R. S. and Sur- 
geon to Guy's Hoſpital. 


Read June "MI" RRISEVANS, aged 3o years, 
759 on the 13th of March, 17 59, was 
admitted into Guy's hoſpital, with a remarkable com- 
plaint in his cheſt, which attacked him in the month 
af Auguſt 1758, with the ſymptoms of a pleuriſy. 
5 Upon 
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Upon inſpection it appeared, that the left fide of the 
thorax was greatly inlarged, and prodigiouſly diſ- 
tended : the pectoral muſcle was ſomewhat raiſed up; 
on preſſure it felt ſoft, and readily gave way: upon a 
removal of the prefſure, the integuments reſumed 
their former appearance, no marks of impreſſion re- 
maining on this, or any other part of the thorax, ſo 
as to conſtitute the characteriſtic of an cedematous 
fwelling. 

The ſpaces betwixt the gth and roth, and betwixt 
the 10th and 11th ribs, counting from above, were 
viſibly inlarged, and ſomewhat elevated : they felt 
foft, and yielded to the fingers; but were not at all 
inflamed, or otherwiſe diſcoloured. Upon examina- 
tion, I diſcovered a fluctuation in both theſe parts. 
The general ſymptoms that attended this cafe were 
ſimilar to thoſe ariſing from all conſiderable collec- 
tions of fluids depofited in either cavities of the 
thorax: for inſtance, the patient had a continual 
flow fever; a ſhort cough, but without the leaſt ex- 
pectoration of matter; a great difficulty in reſpiration, 
particularly in the acts of expiration. He was inca- 
pable of lying down on the right ſide, without very 
great uneaſineſs; he was much emaciated; and his 
countenance was uniformly fallow : he did not com- 
plain of fo much pain, or ſo great a difficulty in 
breathing, when in an erect poſture, as I have ſome- 
times obſerved in diſeaſes of this kind even where 
the quantity of extravaſated fluid has been much 
leſs; but at the fame time I muſt acknowlege, that 
no fair inference could be deduced from hence, be- 
cauſe of the peculiar poſition the diſeaſed fide was 


put in when the poor man fat down, or ſtood up; 
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either of which he was incapable of doing without 
being ſupported. The left ſide of the thorax inclined 
forwards, and protuberated in a peculiar manner, ſo 
as to give the head and trunk an horizontal poſture; 
in which poſition of the body, the weight of the con- 
tained fluid moſt certainly was, in part, prevented 
from preſſing ſo forcibly upon the left portion of the 
diaphragm, the mediaſtinum, and the right portion 
of the lungs, as it muſt neceſſarily have done in a 
more erect poſition of the body. He had one ſym- 
ptom, which I had never before obſerved in patients 
labouring under this complaint ; that is, he was in- 
capable of lying on his back, without bringing on 
very alarming threats of ſuffocation ; but he did not 


remember ever to have heard any noiſe or rattling of 


the pus upon motion. He could lie moſt conveni- 
ently on his left fide ; but even that gown was of 
late become very painful to him. In ſhort, he could 
find no tolerable poſture to put his body into, but 
that of inclining it conſiderably forwards, which (I 
have already obſerved) he was under a neceſſity of 
doing, to enable him to draw his breath ; and I dare 
venture to ſay, that, upon attending to the ſubſe- 
quent part. of the hiſtory of this poor mortal's caſe, 
the reaſon, why ſuch effects ſhould be produced from 
ſuch a cauſe, will very readily occur to thoſe, who 
have a moderate degree of knowlege of the formation 
and uſes of theſe parts of the human body. Upon 
making an inciſion upon the moſt prominent part of 
the ſpace betwixt the toth and 11th rib, in the cavity 
of the thorax of the left fide, at leaſt eight Wincheſ- 
ter quarts of a thin yellow matter, not at all fœtid, 
was diſcharged upon the ſpot in a full ſtream : the 

| matter 
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matter iſſued thro the wound by leaps, and was 
projected at the diſtance of two yards and upwards 
from the patient's body : he did not faint during the 
operation, nor afterwards ; but from that moment he 
grew eaſy ; his ſymptoms abated ; he flept well at 
night; and the next day he had no bad ſymptoms, 
except that his difficulty in breathing was not quite 
removed. This, indeed, could not reaſonably be ex- 
pected, conſidering the long diſuſe and extenſion 
which the diaphragm, the intercoſtal muſcles, and 
the reſt of the muſcles of reſpiration, had undergone 
from the preſſure and weight of the confined matter, 
Joined to the injury which the lungs themſelves had 
ſuſtained. He continued with very little alteration 
till the fourth day, when his reſpiration became worſe, 
accompanied with bad nights, a quick pulſe, a great 
diſcharge of fœtid matter from the wound, and a 
fluſhing in his face. Theſe ſymptoms remained till 
the gth. To-day his breathing was better, his pulſe 
became more calm, the fluſhings in his face diſap- 
peared ; but the diſcharge was conſiderable in quan- 
tity, and he complained of a want of appetite, which, 
till now, had been tolerably good ever ſince the ope- 
ration. On the tenth day, his difficulty of breathing 
returned ; the diſcharge was very great, and offen- 
five ; he had very little ſleep laſt night: in ſhort, he 
ſeems greatly upon the decline. 11th, 12th, and 
13th, he continued much as on the 1oth. 14th and 
15th days he has had more ſleep than uſual ; his ap- 
petite very bad; cough frequent, and troubleſome ; 
diſcharge very thin, and conſiderable in quantity. 
Upon exerting his powers in the act of expiration, to - 
diſcharge the matter from the cavity, there appeared 


an 


uh 
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an eminence betwixt the 7th and 8th ribs (counting 
from above) on the anterior lateral part of the tho- 
rax, which was very tender; but, upon his ceaſing 
1 to exert himſelf, the ſwelling diſappeared. 16th and 
1 1th days, his cough very troubleſome; the diſcharge 
9 from the wound was great; the matter very thin, 
9 and fœtid; he gets very little ſleep; his pulſe quick, 
* and low ; his tongue dry, and parched: in ſhort, to 
7 all appearance, he ſeemed to have a very ſhort time 
i to live. But, notwithſtanding theſe threatening ſym- 
| ptoms, he very unexpectedly ſurvived till the 1oth of 
b June following (exactly 12 weeks from the time of 
his undergoing the firſt operation). In the middle of 
the month of April next preceding his death, he 
thought himſelf much better than he had been for 
many days before: his diſcharge at this time was 
much leſſened ; but his pulſe was very weak, and 
5 fluttering, 
About three weeks before the patient's death, a 
ſecond opening was made by inciſion betwixt the 
L ith and 12th ribs by my collegue Mr. Way, under 
whoſe immediate care this poor man was from the 
day of his admiſſion into the hoſpital, and who treated 
him with the greateſt humanity and judgment, 
Three days before the patient's deceaſe, the ſwelling 
betwixt the 7th and 8th ribs burſt of itſelf, and diſ- 
by charged at leaſt a pint of matter, that was exceed- 
i ingly offenſive. 
a Upon opening the body, the following particulars 
were diſcovered: the right portion of the lungs was 
greatly ulcerated on its ſuperior part, where it ad- 
hered firmly to the pleura: on the inferior part of 


the cavity, the lungs adhered to the diaphragm; the 
lobes 
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lobes of the lungs on this fide were not ſo much 
waſted as I expected they would have been, from the 
great degree of preſſure which they had ſo long ſu- 
ſtained from the prodigious quantity of matter, that 
was confined in the oppoſite cavity of the thorax ; 
nor was there any extravaſation in the right cavity of 
the thorax. 

The lobes of the lungs on the left fide were almoſt 
intirely deſtroyed : in this cavity there was near a 
quart of fœtid matter; the whole of its internal ſur- 
face was ulcerated, and the two inferior ribs were 
carious in the neighbourhood of the ſecond opening. 
In every other part the ribs were ſound; ſo was the 
ſternum. 

The pericardium and heart appeared in their natu- 
ral ſtate. The injury done to the internal ſurface of 
the left cavity of the thorax was ſo great, as to have 
deſtroyed almoſt the whole of the intercoſtal muſcles 
on that fide of the trunk. 

N. B. It may be worth remarking, that this pa- 
tient did not any time ſuffer the leaſt inconvenience 
from the preſſure of the external air, which entered 
into the cavity of the thorax thro' the inciſions, as 
has been ſaid by authors to have happened in a great 
degree in the like caſes ; but as that effect was not 
produced in this, or any other inſtances of the like 
kind, which has come under my inſpection, I am 
inclined to conjecture, that the bad effects of the 
preſſure of the external air, when admitted thro an 
opening made into the cavity of the thorax, is ſuch 
an inconvenience as may rather be ſuppoſed to be 
likely to happen, than has been really known to hap- 
pen often; the act of breathing having never been 
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in the leaſt ſuſpended, altho' the openings made into 
the cavity have been very large, and the time taken 
for dreſſing the patient (ſometimes once, ſometimes 
twice a day) has been very conſiderable; but, on the 
contrary, at every drefling, I have obſerved, that the 
patient has breathed with greater freedom and eaſe 
than he could do before the performance of this o 

ration, or even for ſome hours before the dreffings 
were renewed. As the matter in this diſeaſe lies 
looſely in the cavity of the thorax, there is no greater 
danger of wounding the lungs in this operation, than 
there is of wounding the inteſtines or omentum, in 
tapping the abdomen in the aſcites; and if the me- 
thod be purſued, which I have recommended for 
making the inciſion thro' the intercoſtal muſcles, 
there will be no danger of wounding the intercoſtal 
artery, which is 2 circumſtance much dreaded by 
ſome practitioners, but with no great reaſon. How- 
ever, was this to happen, it would probably not be 
attended with any bad conſequences, as the bleeding 
might very readily be 0 by preſſute, or other- 


with 


Hatton Garden, | | : 
June 28, 1759. Jol. Warner. 
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XXIII. Extracts of ſome Letters from Sig- 
nor Abbate de Venuti, F. R. S. to J. Nixon, 


A. M. and F. R. S. relating to ſeveral An- 
tiquities lately diſcovered in Italy. 


LETTER I. 
Rome, May 1}, 1757. 


Dear Sir, 5 


N an inſcription, which I found, 

while the front of the church of 
St. John Lateran was erecting, and which is now in the 
gardens of cardinal Corſini, without the Porta Aurelia 
(or S'* Pancrazio) mention is made of the * equztes 


ſingulares, as guards of the perſons of the emperors. 


Herculi Invicto Sacrum 
Genio Num. Eq. Sing. 
Augg. N. N. Pro Salute 
Imp. Ceſar. L. Septimii 
Severi, et M. Aurelii An 
tonint - =- = = 
Et Juliae Aug. Matri 
Caſtrorum. Aaug. 


Read June 28. 
1759. — 


- © - - - Do 
Mus divinae. Trib. 


Occo. Valente, et Octavio 


PETER 


te 


— 


* This communication was occaſioned by Dr. Ward's account 
of an inſcription found at Malton (Philoſ. Tranſ. Vol. XLIX. Part JI. 
p. 69.) an extract of which had been tranſmitted to Signor de 
Venuti by Mr. N. | 


Vor. LI. D d Pyoni, 
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Piſoni. et. Ti. Exerc. Fl. 
Titiano. et Aurel. Lupo „ 
C. Julius Secundus 
+ . rexit. Ere. ſuo. Deo. Do. D 
Dedit. Idibus. Sept. | a 


Scvero III. et. Antonino Au 


9 3 ; | N N. Cos. 


As * Commodus was not aſhamed to enter the 
Liſts in the amphitheatre, as a gladiator (as appears 
by an inſcription, which I have lately publiſhed) I do 
not queſtion, but that he might have a further ambi- 
tion to be ranked among the equites ſingulares alſo. 

Without the gate of Sto Paolo, in the way to Oſtia, 
about 8 miles from Rome, there has been diſcovered, 
within theſe few days, a magnificent ſepulchre of 
very large dimenſions, and of a round figure. In the 
middle of it was a ſepulchral urn covered all over 
with ſculpture in no inelegant taſte. Among the 
rubbiſh, on the outſide, they met with this inſcrip- 
tion in large capitals, 


+ C. TUCCIUS. L. F. TRO. DVVOMVR. 
ACTIA. — =-__-UAUR. 


Not far from this ſepulchre, there are now found 
es ruſiice, peaſants houſes, adorned with rich 
marbles in the walls, and with ſtatues, 


— — — ee. ti 


+ On the left-hand fide. - 

* This refers to Dr. Ward's Account, p. 79, 

+ Nate. To this family (perhaps) might belong NI. Tuccius, 
who was ædilis curulis. Liv J. XXXV. c. 41. Prætor. Ib. I. xxxvi. 
c. 45. & ttiumvir. Ib. I. XxxXIx. E. 22. 
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LETTER ll. 


Rome, Nov. 5 1757. 


URING my ſummer receſs at Viterbo, as I was 
tracing out the remains of antiquity in the ad- 
jacent country, I dropt, by mere accident, upon the 
ruins of Ferentum, a town of Etruria, different from 
that of the ſame name in Latium, near Mons Alba- 
nus. Here, beſides the walls of the city, conſiſting 
of wrought ſqure ſtone, I had the ſatisfaction of find- 
ing a temple built of the ſame materials, of neat 
workmanſhip, and a very elegant ſtile of architecture: 
but what ſurpriſed me more was a theatre almoſt per- 
fect, not only in the circular part of it, but alſo in 
that, which was taken up by the ſcene or ſtage. It 
had its porticos intire on the outſide, and likewiſe 
three entrances, anſwering to the valve regiæ, and 
the heſpitalia, deſcribed by * Vitruvius: fo that no- 
thing was wanting to render it complete, but the 
orcheſtra and pulpitum. Theſe remains are acceſ- 
fible to all the world ; yet no one hitherto has deli- 
neated or publiſhed them. We have ſeveral valuable 
monuments in Latium, Sabina, Etruria, Campania, 


—— — — — 


— 


1 


The learned abbate refers here (I preſume) to Vitruv. de 
archit. l. v. c. 6. (Cunei) qui ſunt in imo, et dirigunt ſcalaria, 
, erunt numero ſeptem; reliqui quinque ſcenæ deſignabunt compoſiti- 
onem, et unus medius contra ſe valvas regias habere debet, et qui 
erunt dextra ac finiſtra hepitalium deſignabunt compoſit ionem. 
Ipſæ ſcenæ ſuas habeant rationes explicatas, ita uti mediz valve 
—ornatus habeant aulæ regiz, dextra ac finiſtra hoſpitalia. Ib. c. 7. 
For a fuller account cf theſe entrances into the ancient theatres, 
vid. Montfauc. Antiq. explic. Tom. III. Par. II. I. ii. cap. 2, 3, 


& 4. a 
Dd2 and 
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and Calabria, which contain ſubjects of the higheſt 
erudition, but yet yet are unknown to, and diſre- 
garded by, learned men; while at the ſame time they 
are ſearching, with great expence and labour, after 
others in Greece and Aſia, which are already known, 
and perhaps not ſo intire as theſe. I have cauſed a 
drawing to be made of the theatre above-mentioned, 
and ſome time or other (probably) may offer it to 
the public. 

I have lately met with a curious diſſertation, pub- 
liſhed by a profeſſor of the univerſity of Piſa, upon a 
gem, which exhibits the Theban war, with the names 
of five heroes engraved in Etruſcan characters upon 
it. You (in all probability) ſaw it at Florence, in 
the cabinet of Baron Stoſch, who a few days ago was 
ſtruck with an apoplexy, and lies now at the point 
of death. 


LETTER II. 


Rome, Jan. 31, 1759. 

FEW months ago, I publiſhed a diſſertation upon 
a little marble relievo, inſcribed with Greek cha- 
raters of the ſmalleſt ſize. The ſubject of it is the 
ſtory of Circe, as related by Homer, Odyſſ. lib. x. 
It is really remarkable, that whereas there are extant 
ſeveral ancient monuments alluding to the Iliad of 


that poet, very few are found, which refer to the 


Odyſley. 
There has lately been difcovered without the Porta 


Præneſtina (or Maggiore) about four miles from 
Rome, an old ſepulchral apartment, wherein were 


four 
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four ſarcophagus's, adorned with very curious re- 
lievo's. Two of them were of a large ſize; the other 
two of a ſmaller. On the firſt of the large ones was 
elegantly carved the Fight of the Giants, who are 
repreſented with thighs compoſed of ſerpents. The 
ſecond appeared to me to expreſs the Combat of the 
Amazons and Theſeus. Of the two ſmaller ſarco- 
phagus's, one exhibited Bacchus in a chariot drawn 
by centaurs, and preceded by the whole chorus of 
the Bacchantes : the other ſeemed to be a battle (per- 
haps) between the Greeks and the Trojans ; as one 
part of the figures had long beards, tunics, and long 
breeches : all of them were of exquifite workman- 
ſhip. | | 
There has been lately dug up here an admirable 
ſtatue of Venus, with an elegant Cupid ſtanding upon 
a dolphin; as alſo ſeveral curious inſcriptions. _ 
I have communicated your extract of Mr. Swin- 
ton's moſt learned conjectures concerning a coin of 
Moneſes , a Parthian king, to Signor Corſini. He 
approved of the-performance, and admired the judg- 
ment and acute penetration of the author : but ex- 
cepted a little to that part, where, in order to aſcer- 
tain the epoch of the piece, he | Mr. Swinton | ex- 
preſſes a doubt with regard to the Victory on the re- 
verſe of it ; as there was no engagement that year be- 
tween the Romans and the Parthians. But when 
Moneſes had uſurped the throne, diſpoſſeſſed the law- 
ful heirs, and plundered the neighbouring nations, 
it is no wonder, that he ſhould ſtamp a Viclory on his 
coin: which ſymbol ought to be referred to ſome 


— 


Philoſ. Tranſact. Vol. L. Part I. p. 175. 


Con- 
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conſiderable advantage gained over the Barbarians, 
and not over the Romans. 


— 
2 


— 


XXIV. An Account of ſome Experiments re- 

| lating to the Preſervation of Seeds : In 
Two Letters to the Right Honourable the 
Earl of Macclesfield, Prefident of the 

Royal Society. From John Ellis, E/; 
F. R. S. 


My Lord, London, Jan. 18. 1759. 


Read Jan. 18, S the ſupplying our colonies with 

"um the ſeeds of uſeful plants, in order 
to have their produce imported from thence into 
England, inſtead of the places of their natural growth 
in Europe, Aſia, and Africa, as we do at preſent, is a 
matter of ſome importance, therefore I am perſuaded, 
that experiments tending to promote ſo uſeful and 
beneficial a work, will meet with the approbation of 
this honourable Society. 

Among many uſeful ſeeds, which I ſent governor 
Ellis in the year 1757, were ſome acorns of the cork- 
tree, which were put in a box in ſand. Theſe, he 
mentions in his laſt letters, were intirely ſpoiled in 
the voyage; and obſerves, that the confined air in the 
hold of ſhips, occaſions ſuch hot and penetrating 
ſteams, eſpecially in warm climates, that it diſpoſes 
all ſeeds, in common packages, to a ſweating or pu- 
trefactive fermentation, by which the vegetative qua- 
lity of many is intirely deſtroyed : and therefore ad- 

vites, 


27 
viſes, that ſeeds ſhould be ſent in tight caſks, and 
placed on or near the deck, fo as to have the benefit 
of the freſh circulating air, at the ſame time the 
tightneſs of the caſk would ſecure them from the 
{alt water. 

In order to fend the governor a freſh ſupply of 
cork acorns, in a growing ſtate, I tried the following 
experiments on them to preſerve them ſound; the 
effect of which I expect to have the honour to lay 
before this Society next ſummer : but as I tried the 
very ſame experiments, at the very fame time, on a 
parcel of freſh oak acorns, which I collected myſelf 
at Sydenham in Kent, the latter end of laſt October, 
and have fince kept them by me in a box in a warm 
room, it may give us ſome inſight into what may be 
the fate of thoſe that are ſent abroad. 

The experiments were made between the 25th 
and 3oth of October 1758; and the acorns cut open 
to ſee the effects, Jan. 17, 1759. 

Experiment 1. Acorns of the Engliſh oak ſmeared 
over ſeveral times with a ſtrong folution of gum ara- 
bic; and alſo they had been dried in a window, 
folded in a piece of paper, and put into a deal box. 

When theſe were cut open, they appeared hard, 
dry, and inclining to black, being quite periſhed. 

When I firſt thought of making this experiment, 
E imagined, that the perſpirable matter of the kernel 
of the acorns could not paſs through the glafly, cloſe 
ſubſtar.ce of the gum arabic ; but experience has con- 
vinced me of the contrary. 

Exp. 2. Some acorns, treated as in the firſt expe- 

riment, were wrapped up in papers, ſoaked in a ſtrong 

folution of gum arabic, each in a ſeparate paper: 
3 after 
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after they had been dried, they were put in the box 
with the reſt. 
Theſe were ſomewhat ſofter than the firſt, but de- 
cayed. 
Exp. 3. Some of them were ſmeared ſeveral times 


over with gum ſenega ; and when they were dried in 


the window, and well hardened, were put in a paper 
into the deal box. 


Theſe looked' rather better than the two former 
parcels ; but unfit for vegetation. 


Exp. 4. Some of the fame acorns were put into 


the middle of a cake of plaiſterers ſtiff loam, or ſuch 


as the brewers uſe to ſtop their beer barrels, and co- 
vered over near an inch on every fide. This ſoon 
became dry, without any cracks: it was about 2+ 
inches thick ; and was placed with the reſt, wrapped 
up in a paper, in the box. 

The kernels of theſe were ſhrivelled up, and grown 
quite dry and hard, like horn, the loam proving a 
ſtrong abſorbent. 


Exp. 5. Some were rolled up ſeparately in thin 
flakes of bees-wax, warmed, to make it pliable, and 
put in paper in the box. 

Theſe looked very well when they were cut aſun- 
der, and appeared likely to grow; but were a little 
ſhrunk. 


Exp. 6. Some were rolled ſeparately in roſin, made 


pliable with warmth. 


Theſe cut quite freſh. 


Exp. 7. Some of them were rolled, each in a thin 
covering of a mixture of pitch, roſin, and bees-wax, 
called mummy by the gardiners. 


Theſe cut as well, and looked as freſh, as if they 
had juſt fallen from the tree. 


The 


; : „ 7 


The cork acorns, that were ſent to Georgia, were 
incloſed in the ſame ſubſtances with the foregoing, 


and put into a box filled with dry ſand, quite full, 
and well faſtened : this was put into a tight caſk, 


among papers and wearing apparel, and ſtowed in 
the upper part of the hold of the ſhip. 

While I was making theſe experiments, I wrote to 
Dr. Linnæus, of Upſal, for his opinion of them, and 
for his method of preſerving ſeeds in long voyages. I 
have lately received his anſwer; in which he conſi- 
ders the great danger that attends ſeeds in warm voy- 
ages, in the ſame light with governor Ellis, and has 
communicated to me a very probable method of pre- 
ſerving ſeeds in long voyages, which, he ſays, has 
never failed. The following is an extract of his let- 
ter to me, dated the 8th of Dec. 1758, from Upſal. 

Seeds may be brought from abroad in a grow - 
ing ſtate, if we attend to the following method :” 


cc 


« Put your ſeeds into a cylindrical glaſs bottle, and 


56 fill up'the interſtices with dry ſand, to prevent their 
„e lying too cloſe together, and that they may per- 

ſpire freely through the ſand ; then cork the bottle, 
or tie a bladder over the mouth of it. Prepare a 
glaſs veſſel, ſo much larger than that which con- 
tains the ſeeds, that, when it is ſuſpended in it, 
there may be a vacant fpace on all fides of about 
two inches diſtance between both glaſſes, for the 
following mixture ; four parts of nitre, and one- 
fifth part, of equal parts, of common ſalt, and fal 
ammoniac : theſe muſt be well pounded, and 
mixed together, and the ſpaces all round between 


| the outward and inward glaſſes well filled with 
cc wn. | 
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ce This ſaline maſs, which ſhould be rather moiſt, 


ee will always be ſo cold, that the feeds in the inner 
« glaſs will never ſuffer, during their voyage, from 


„ the heat of the air. 


„ This experiment has been tried, and has not 
cc failed.” | 
I am, my Lord, 


— 


Your Lordſhip's 
Moſt obedient, humble ſervant, 
John Ellis. 
My Lord, 
| Read Dec. 20, IN a letter, which I took the liberty to 
1759 addreſs to your Lordſhip, dated Jan. 


18, 1759, relating to ſome experiments, which I 
had made to preſerve the acorns of Engliſh oaks for a 
longer time than uſual, in a perfect ſtate of vegeta- 
tion, I there took notice, that I had ſent ſome acorns 
of the cork oak to the governor of Georgia, preſerved 
in much the ſame'manner : but as the ſubſtances I 
made uſe of for this purpoſe differed a little, I ſhall 
deſcribe thoſe experiments bere more particularly, 
On the 27th of Nov. 1758, I prepared ſever par- 
cels of the acorns of the cork-bearing oak or ilex, in 
the following manner : 


No 1. x5 acorns, each covered over fingly with a 
ſtiff ſolution of gum arabic, and afterwards 
rolled up in gum'd paper. | 

No 2, 13 Dꝰ. each rolled up in a thin cover of com- 
mon yellow bees-wax, ſoftened before the 
fire, and rolled up afterwards, ſeparately, 

in white paper. 


No 3. 
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No 3. 10 Dꝰ. each rolled up, as before, in wax, and 
afterwards each covered with a coat of 
brewers loam moiſtened with a thick ſolu- 

; tion of gum arabic. 

No 4. 5 Do. each coated with gum arabic, and af- 
terwards with whiting moiſtened with a 
thick ſolution of gum arabic. 

Ne 5. 25 Do. each coated with gum arabic, and af- 
terwards with brewers loam moiſtened with 
a thick ſolution of gum arabic. 

No 6. 3 D®. each covered with gardeners grafting 


mummy, conſiſting of a mixture of bees- 
wax, roſin, and pitch. 


Ne . 10 Dꝰ. each covered with fullers earth made 


into a paſte with a ſtiff ſolution of gum 
arabic. 


Theſe ſeven parcels were all put into chip boxes, 
filled with dry houſe-ſand, and afterwards put into a 
tight caſe; and arrived in Georgia in April following. 
Governor Ellis, in his letter to me, dated from thence 
May 6, 1759. ſays, of all theſe experiments, none 
ſucceeded but the parcel Ne 3. which had firſt been 
covered with bees-wax, and afterwards with a paſte 
made of loam and difſokved gum arabic. We even 
find, that thoſe that were covered with a thin coat 

— of bees-wax, and afterwards with paper, did not ſuc- 
ceed ; as their covering was not thick enough to keep 
in their perſpiration. This was the cafe with ſome 
of the Engliſh oak acorns, which I had coated in the 
ſame manner in October 1758, and cut open in No- 
vember lat 1759; their kernels being ſhrivelPd and 
decayed : and thoſe I had covered the ſame time with 
a mixture of ro/in, bees-wax, and pitch, tho their 

E E3 kernels 
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kernels were plump and juicy, yet they, by this time, 


were turned brown and rancid, by imbibing the 


teams ariſing from the pitch and roſin, and were ren- 


dered unfit for vegetation. 

It may poſſibly be remarked, that it is no uncom- 
mon thing to receive the acorns of oaks from moſt of 
the provinces of North America in a growing ſtate in 
January, and even in February; and therefore it may 
be aſked, wly it ſhould require more care to ſend 
acorns of our growth hither ? 

The reaſon of this appears to me, that as the ſum- 
mer heats of thoſe provinces by much exceed ours ; 
ſo conſequently their juices being higher maturated, 
are not fo liable to ſhrivel and decay as ours are; 
which, experience ſhews, are more watery, and leſs 
oily : tho', perhaps, if both kinds were packed up in 
a dry, ſeapy earth, and could be carried at a cool ſea- 


en of the year, I mean the winter months, they 


might equally ſucceed ; but, in this kind of weather, 
we have /e/dom an opportunity to ſend them, ſo as to 
expect their arrival before the weather, in the ſouth- 
ern parts of North America, begins to grow too warm, 
as the ſhips ſeldom arrive there till April. 

The cheſnut, next to the acorn, being the moſt 
difficult to preſerve ſound during the courſe of one 
ſeaſon, or a whole year, on the 23d of February laſt, 
1759, I procured a parcel of Spaniſh cheſnuts, juſt as 
they were imported, many of which were ſounder 
than they generally are ſo late in the ſeaſon : theſe I 
divided into four parcels, and put each parcel into a 


ſmall earthen jar, involving them in the following 


ſubſtances: 


Jar 
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Jar No 1. 12 Cheſnuts in mutton ſuet. 
2. 12 D®. —— in bees- wax and mutton ſuet, 
equal quantities. 
3. 12 Dꝰ. — in bees-Wax. 
4. 12 DY. — in bees- wax and yellow roſin, 
equal quantities. 


Theſe ſubſtances I melted; but did not pour them 


among the cheſnuts, till I could bear my finger in 
them without the leaſt ſenſible uneaſineſs, which 1 
conſidered as the proper teſt not to affect the kernels 
by their heat, and immediately immer ſed the jar to the 
brim in cold water. 

As this experiment was made with a view to give 
thoſe gentlemen ſome hints, who go tc the Eaſt In- 
dies, I placed theſe jars in a room, where they were 
expoſed to the unuſual heats of laſt ſummer; heat 
being the great promoter of the putrefactive fermen- 
tation of vegetables, and which it is very hard for 
ſuch gentlemen to guard againſt, eſpecially as they 
are obliged t᷑uwice in their voyage home to paſ3 the 
equinottial line. 

In order to examine the effects of theſe experi- 
ments, and to lay before the Society a fair account 
of them, I broke all the jars on the 22d of November 
la, before ſome ingenious gentlemen of the Society, 
very intelligent in theſe matters, and found, that jar 
Ne 1. which contained the cheſnuts immerſed in 
mutton ſuet, proved all rotten, attended with a very 
diſagreeable putrid ſinell. Thoſe in jar No 2. were 
moſt of them ſound and freſh, and their kernels as 
white and ſweet-taſted, as when freſh gathered. 
Theſe were incloſed in half bees-wax, and half mut- 
ton ſuet, melted together. Thoſe in jar Nꝰ 2. were 


— 


equally 
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equally ſound and well - taſted, and had been incloſed 
in bees-wax only | 

Though part of the cheſnuts in theſe jars were 
rotten ; yet it appeared plainly to be owing to ſome 
defect in them when they were firſt immerſed into 
theſe ſubſtances ; moſt probably to the lateneſs of 
the ſeaſon, when the experiments were made. 

Thoſe in jar Ne 4. which were incloſed in half 
| bees-wax and half yellow roſin, were all turned ſoft 
and ſpongy, of a brown colour, and a moſt di ſagree- 

able taſte and ſmell, from the reſinous ſteams they had 
imbibed. 

On the 24th of November laſt, I planted fix of the 
cheſnuts preferved in wax and ſuet (N 2.) and fix 
of thoſe preſerved in wax only (N 3.) in two gar- 
den pots, and placed them in a very ſpacious conſer va- 
tory, belonging to my worthy friend Philip Carteret 
Webb, Eſq; F. R. S. at his ſeat near Godalmin in 
Surry ; where I have the pleaſure to inform your 
Lordſhip and this honourable Society, that many of 
them are already germinating ; which proves this me- 
thod of preſerving the larger feeds a very proper one to 
recommend to gentlemen that go to China, and other 
parts of the Eaſt Indies, to preſerve many kinds of 
valuable ſeeds in a ſtate of vegetation during a voyage 
of a whole year, till they arrive here ; and probably 
till they are carried to our ſettlements in the Ameri- 
can colonies. 

It remains then, for gentlemen who go to the Eaſt 
Indies, to place the ſeeds they preſerve in bees-wax, 
or bees-wax and ſuet, in the cooleſt part of the ſhip, 
to prevent theſe ſubſtances being affected with the 
heat of thoſe parts, which far excceds ours. Perhaps 
Dr. Linnæuss method of incloſing them in a larger 


0 veſſel, 
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veſſel, and ſurrounding them with a mixture of /alts, 
deſcribed in my former letter, will anſwer this end. 
He ſpeaks with ſo much certainty of its ſucceſs, that 
J think it worth the trial, eſpecially when he aſſures 


us it never fails. 


IJ am, my Lord, 
Your Lordſhip's 
moſt obedient humble ſervant, 
London, Dec. 13. 1759- John Ellis, 


P. S. Small ſeeds, in their pods, may be preſerved 
by being placed thinly on pieces of paper, cot- 
ton or linen cloth, that have been dipt in wax, 
then rolled up tight, and well ſecured from air 
by a further covering of wax. 


XXV. The Caſe of a very long Suppreſſion of 
Urine. By Ambroſe Dawſon, M. D. 
Communicated by William Heberden, 
M. D. F. R. &. 


Read Nov. 8, W. aged 23 years, tall and well- 

1759. « made, was ſeized, in the year 17 55, 
with a weakneſs of one ſide, which ſoon went off, 
leaving only one knee weak and ſwelled; for which 
ſhe was admitted into St. George's Hoſpital. 

On the 4th of April, 1756, ſhe had a ſtoppage of 
urine, and felt no diſpoſition to make any for two 
days. During the whole month of April, the diſ- 
charge of urine was very irregular, it having ceaſed 
at one time for five days, and at another time for 
nine days. When the catheter was introduced, little 
or no urine was found in the bladder, 
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In order to relieve her, ſhe had been directed to 
uſe both the warm and cold bath, bleeding, purging, 
turpentine clyſters, and a ſtrong infuſion + pareira 
brava, without any ſucceſs : cantharides had like- 
wiſe been given her to the quantity of three grains in 
a doſe; and this doſe had been repeated four times 
in 24 hours; but without any other effect than that 
of occaſioning pains in her throat, ſtomach, and 
bowels, with vomiting and purging. A wet towel 
put round her waiſt, ſeemed to do the moſt good, 
and brought away ſome water two or three times ; 
but afterwards ceaſed to have this effect. 

From the 26th of April, 1756, ſhe made no wa- 
ter, and felt no want of making it, for many months ; 
yet all this time ſhe could eat once or twice a day, 
and was able to walk and ride. She was ſparing in 
the uſe of liquids; ſhe had bur little ſleep, no ſweats, 
and her ſkin had no urinous ſmell : her breathing 
was often very laborious, with a dry cough : the ca- 
tamenia were irregular : there were oedematous ſwell- 
ings in her limbs, abdomen, hips, and face ; but, by 
the help of purges, and ſpontaneous vomitings, which 
began in the third month of the ſuppreſſion, theſe 
ſwellings were tolerably kept under. She vomited 
ſometimes every day, and ſometimes only every third 
or fourth day; and tho' theſe vomitings uſually came 
on preſently after dinner, yet what ſhe vomited ſeem- 
ed to be mere urine, without any thing which ſhe 
had eaten mixed with it. In the beginning of June- 
1757, the nipples of her breaſts chopped, and diſ- 
charged ſometimes a watery humour, ſometimes a 
thick matter, ſtreaked with blood, and ſometimes a 
humour approaching to the colour of urine : all my | 

11 
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diſcharges had an urinous ſcent, and ſeemed to leſſen 
her urinous vomitings, which, from this time, be- 
came leſs frequent: but her legs, and eſpecially her 
body, ſwelled to an extraordinary fize, and ſhe 
breathed with the utmoſt difficulty. 

On the firſt and ſecond of Auguſt, 1757, after a 
total ſuppreſſion of urine for above a year and three 
months, ſhe felt uncommon pricking pains, with 
great heat all down her back and loins, and about 
the belly and groin. On the ſecond day, ſhe voided 
about three ounces of thick, ſlimy matter, attended 
with _—P pains in the urinary paſſages: this water 
was not high-coloured. The next day, ſhe made 
water of a truly urinous kind with leſs pain; and con- 
tinued to make a little water every day, the pain daily 
decreaſing ; and on the 7th ſhe voided about a pint. 

Since this, ſhe has often had a ſuppreſſion of urine 
for ten or fourteen days; and it once laſted two 
months, during which ſhe had no vomiting ; but her 
body was very much ſwelled. In July 1759, accord- 
ing to her own account, ſhe did not uſually make 
above half a pint in 24 hours; and ſometimes ſcarce 
ſo much in two days. The catamenia were then ir- 
regular; her ſleep ſhort, and diſturbed ; ſhe had very 


little appetite ; her legs ſwelled ; and the reſt of her 
body waſted. 
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XXVI. Several Accounts of the fiery Meteor, 


. which appeared on Sunday the 26th of 
November, 1758, between Eight and 


Nine at Wight ; collefled by John _—_ 
M. D. F. R. S. 


Read Feb. 3, 
1759. 


INC E the paper concerning the me- 
teor, of November 1758, was read at 


the Society, I have been favoured with ſeveral more 


obſervations relating to the ſame appearance, which 1 
have connected with the former in ſuch a manner, 
as that we may now trace the courſe of that body, 
from the ſouth northwards, over a conſiderable part 
of this iſland; and at the ſame time form a better 
2 of its figure, height, magnitude, and velo- 

„than what could be drawn from the firſt ac- 
cli only. At preſent, I ſhall lay before the So- 
ciety all the inquiries I have made on this ſubject, and, 


In another paper, I ſhall offer a few remarks, con- 


taining the reſult of theſe obſervations. 


I. I faid at firſt, that I had not heard, that this 
body was obſerved any-where ſouth of London, ex- 


cept at Silcheſter ; but having ſince read in one of the 


Magazines, that it was ſcen at Plymouth, I wrote to 


Mr. Mudge, Surgeon in that place, to be informed 


about the truth of that article; who anſwered, © That 
* he had made every inquiry in his power with re- 
t“ gard to the meteor, and could find but two per- 
« ſons who pretended to have ſeen it, and thoſe to- 


« tally diſqualified from giving him any ſatisfactor y 
account 
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* account, either as to its magnitude, direction, the 
* angle with the horizon, or degree of light: that 
* they only faw in general (after the body of the 
« meteor had paſſed) a red glaring flaſh, which 
« ſeemed rather to excite aſtoniſhment in them than 
ce curiofity. In ſhort, that nothing more could be 


collected, than that it was, or might have been, 
« ſeen at Plymouth.” 

Some time after, Mr. Mudge favoured me with 
another letter; in which he ſays, © I think I can 


* now venture poſitively to ſay the meteor was not 


<« ſeen at Plymouth. Beſides a very minute and par- 
ce ticular ſcrutiny among the people of the town, as 
J was apprehenſive the narrowneſs of the ſtreets, 
e and height of the houſes, might have been the 
c cauſe of their not obſerving it, the Lieutenant- 
«© governor was ſo obliging, at my requeſt, to ſend a 
<« ſerjeant to inquire of every ſoldier in the garriſon ; 
© and as ſome of them muſt have been on centinel 
duty that evening, I am thoroughly perſuaded, if 
ce the meteor had appeared above their horizon, it 
* could not have eſcaped them, as the garriſon is 
e fituated on an eminence, and the proſpect bounded 
« by the ſky only.” 

Dr. Huxham alſo acquainted me, that he did not 
believe the meteor had been ſeen at Plymouth. 


IT. The reverend Dr. Shipley, miniſter of Silcheſ- 
ter in Hampſhire, a pariſh about 45 miles“ W. S. W. 


—ů — 


* Unleſs where it is otherwiſe expreſſed, I would be underſtood 
* uſe all along the ſtandard Engliſh meaſure of 694 miles to a 
egree. 
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of London), told me, That he had not a view of 
ce the meteor himſelf, but had converſed with three 
ce countrymen, his pariſhioners, who had ſeen it: 
te that they had all agreed in obſerving the light to 
ce be greater than that of moonſhine ; and that one 
te of them, in particular, ſaid, it was ſo great that he 
* could eaſily w. ſeen a pin lying on the ground: 
te that the body at firſt was like a large ſhooting ſtar, 
de but with a flower motion: that its direction was 
c“ northerly: that, during its progreſs, it increaſed in 
<< fize, leaving a ſtream of light behind; and at laſt, 
te as it declined to the horizon, its lower part became, 
e in appearance, as broad as his hand, whilſt the 
* length of the whole ſeemed to be about five feet, 
* of a conical figure, ending in a point upwards: 
« that, before it reached the horizon, it burſt into a 
“ flame, reſembling a flaſh of lightning, and then 
te immediately diſappeared *.” Dr. Shipley going to 
the ſpot where the obſerver had ſtood, and making 
him point to ſome trees at a diſtance, over which, he 
ſaid, the meteor diſappeared, the Doctor found, by 
taking the altitude with an inſtrument, that it had 


ꝓ— —— 1 


* From this obſeryation it appears, that the ſtream of light, 
called the tail, was not ſeen at firſt; probably becauſe the meteor 
was in too high a region for the air to make any reſiſtance to the 
flame ; but when the body deſcended lower, then the air, tho' ſtil} 
extremely rarified, yet, from the extraordinary velocity of the me- 
teor, would make ſome oppoſition to it, and drive the flame back- 
wards to form the tail. That the meteor deſcended obliquely, will 
be more fully ſhewn afterwards, tho' the circumſtance mentioned 
above of a conical figure ending in a point upwards, as it actlined 

towards the horizen, is one proof of that fact. 


been 
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been extinguiſhed about 1 15 above the horizon, 
then bearing 35 weſtward of the north f. 


III. As for this city, and the parts adjacent, all I 


could learn was likewiſe from a Magazine ; in which 
it was ſaid, That the meteor was ſeen by three 
2 gentlemen i in Chelſca- fields.“ It is probable, that, 
on that evening, the air was foggy hereabouts, or 
that there was no wind to carry off the ſmoak ; for 
theſe circumſtances will eaſily enough account for 
there being no notice at all taken of that body in Lon- 


don, and that it was ſo little heard of in the neigh- 
bourhood. 


IV. Having heard it was ſeen at Colcheſter in 
Eſſex, I deſired the favour of Mr. Windham Bowyer, 
commiſſioner of the exciſe, to employ ſome of the 
officers of that diſtrict to procure what intelligence 
they could about its appearance there. Accordingly 
Mr. Wigſon, collector at Colcheiter, informed Mr. 
Bowyer, in anſwer to the queries ſent him, © That 
* he had found a perſon who had ſeen the meteor, 
*« on the 26th of November, about eight in the 
evening; and who ſaid, that its direction, to the 


— 
»„— 


+ This beating carries the meteor about a point farther to the 
weſtward than what is confiſtent with the common maps, and ſeve- 
ral of the following obſervations. 

Upon the ſuppoſition that the obſerver was tolerably exact in 
pointing out the apparent altitude, at which the meteor diſappeared, 
and that it was extinguiſhed when nearly perpendicular to Fort 
William (in the Righlands of Scotland), as ſhall be ſhewn after- 
wards, then, allowing 22 miles for the curvature of the earth, and 
2 diſtance of 420 miles between Silcheſter and Fort William, the 
real height of this body, at its diſappearance, was about 32 miles. 


* beſt 
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beſt of his judgment, was about ſouth-eaſt ; that 
« the apparent diameter of the body was about five 
* or fix inches, not ſo large as the moon when at 
{© at the higheſt, but more bright; that the meteor 
< left a train of light behind it; that its progreſs was 
extremely ſwift ; that no exploſion was heard 
* when it diſappeared ; and that he did not perceive 
« it to break into ſtars in the manner of a rocket.” 

Finding this account diſagreed ſo much with 
thoſe I had received from other parts, with regard 
to the courſe, I wrote to Mr. Wigſon, begging he 
would once more ſee the perſon, and deſire him 
to point out the path of the body, in order that I 
might be ſatisfied he had not been miſtaken about its 
motion to the ſouth-eaſt; and, in return to my let- 
ter, that gentleman acquainted me, That he had 
e again converſed with the obſerver, who ſtill per- 
ce fiſted in deſcribing the courſe of the ball from the 
+ north-weſt to the ſouth-eaſt ; adding, that it ap- 
« peared, at its greateſt height, to have the ſame alti- 
ce tude which the ſun then had (March 12), at 10 in 
te the morning“; but that it inclined to the horizon 
ce with great rapidity, and diſappeared intirely, with- 
e out diſperſing, ſeeming to him to fall into a wood.” 
Mr. Wigſon concluded with obſerving, “that as this 
© man was at that time on a journey from "Thorp 
c to Colcheſter, he might eaſily be deceived as to the 
points of the compaſs, by the windings of the 
<« road.” | * 


V. In tracing the progreſs of this body nah 
wards, I was favoured with the following letter from 


10 * Viz, about 320. 

: 

. the 
Kit 
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the reverend Mr. John Michell, fellow of Queen's 
College, Cambridge. © I promiſed to ſend you what 
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further account I could get from the perſon here, 
a glazier by trade, who ſaw the meteor of the 
26th of November. I walked yeſterday along 
with him to the place where he was when he ſaw 
it, taking with me a quadrant, to meaſure ſuch 
altitudes as he was able to give me from his me- 
mory, and a compaſs to take the bearing. The 
firſt appearance, by the account he gave me, was 
at leaſt 700 high, and it appeared to move directly 
perpendicularly “, till it came down to the horizon, 
where it paſſed between two trees, which he point- 
ed out to me : this laſt place of its appearance was 
239 welt of the north from the place where he 
ſtood; and, as we were at leaſt a mile diſtant 
from the trees, I believe you may depend upon that 
bearing to a degree or two at moſt. The whole 
time of the appearance was (as near as my informer 
can gueſs), as long as he ſhould be in walking near 
400 yards; but in this, I imagine, he is ſomewhat 
deceived, as I think I can collect, both from his 


own account of it, and that of another perſon who 


was with him, the time was much ſhorter. The 
head, which went foremoſt (Plate VII. Fig. 1.) 
was, by the deſcription, of a bright white, like 
iron, when almoſt of a melting heat; but it emit- 


* In a ſecond letter, Mr. Michell ſays, He aſked the obſerver 
ſeveral times, whether the direction of the meteor did not vary 


to the right or left; and that he had aſſured him, that, accord- 


ing to the beſt of his judgment, it appeared to move exactly per- 


pendicularly ; whence it mult have croſſed the meridian in the 


zenith, and moved in a great circle with regard to Cambridge.” 


e ted 
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ted no ſparks, as iron does in that ſtate. The head 
ce was about half the diameter of the moon, and, till 
© jt had deſcended to within about 14 of the hori- 
ce 7Zon, was, as I apprehend by the account, ſome- 
« what leſs in the vertical than in the horizontal dia- 
« meter; but, from 14 high, it was at its utmoſt 
te ſplendor, and round, and continued fo till it diſap- 
e peared. The tail was about a fifth part of the 
* breadth of the head (Fig 1.), and when the head 
* was about 27® high, was at the _— the length 
<« then might be ſomewhat more than 8, which 
« was the mean length. The colour of the tail was 
ce a duſkiſh red, about the colour of red-hot iron, 
ce all of a breadth, not pointed. When the head was 
* about 6 or 7* high“, the tail burſt, as my 
* informer expreſſed it, and the brightneſs of the 
* light dazzled his eyes; after which the tail diſap- 
« peared, and in the room of it there were three 
ce ſtars, all contained within the compaſs of a little 
* more than one degree from the head (Fig. 2.); and 
they, together with the head, deſcended, keeping 
cc their due diſtance, till below the horizon +. 
* The diameter of theſe ſtars was nearly the ſame 
Vith the diameter of the tail, viz. about 3'; but they 
© were of the ſame colour as the head. The 


e brightneſs of the light was ſo great, that (accord- 


et 


2 


* Suppoſing this angle of elevation juſt, the real height of the 
meteor, when the tail broke off, over the ſhire of Lanerk in Scot- 
land, was-about 42 miles, allowing for the curvature of the earth. 

+ This circumſtance of the head's falling under the horizon 
might have been a deception ; for at Silcheſter, which was at a 
greater diſtance, the head diſappeared before it came to the hori- 


Zon ; but, perhaps, the horizon was clearer and lower there than 
at Cambridge. 


3 cc ing 
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s ing to the account I received) one might ſee to 
e pick up.a pin, and ſome noife was heard; but of 
«< this latter, at leaſt, I a little doubted, imapination 
c being able to help out a good deal in ſuch caſes. 
* The ap de was about half an hour after eight 
« in the evening, on a Sunday; but the day of the 
©* month, or the month itſelf, the man does not 
< certainly remember. This is all the account I have 
© been able to procure. The heights, &c. I could at 
< firft only get in, as long as from here to that hedge ; 
« as broad as @ hat crown ; as thick as my wrift; and 
dc about as long as a broom-ſiaff : but, as I thought theſe 
* would give you no more ideas than they gave me, I 
<< defired my man to point out in the heavens, as near 
© as he could gueſs, clouds, &c. of the ſame fize, 
* and then I meaſured them with a quadrant, and 
< the reſult of theſe meaſures is what I have ſent 


&« you.” 


VI. Purſuing the progreſs of the meteor north- 
wards, my next information was from Mancheſter. 
Mr. Lloyd, of that place, Fellow of the So- 
ciety, wrote, that tho it had been ſeen there by ſe- 
veral, the only tolerable account he conld fend me 
from that country, was from Lord Derby's head gar- 
diner; who ſaid, As he was returning from Liver- 
«© pool to Knowſley (a place at 7 or 8 miles diſtance), 
* about eight in the evening, he was ſurpriſed by a 
* ſudden glare of light; and that he ſoon ſaw a ball 
* of fire appearing, of half the breadth of the moon, 
ce moving horizontally eaſtward “, a little inclined to 
Tu perſon, like the traveller between Thorp and Colcheſter, 


23 been deceived in the direction by the windings of the 
road. 
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© the north, with a hiſſing noiſe : that a train of light, 
<« like a tail, followed it, which being ſoon collected 
into the body, it burſt, and part ſeemed to fall down 
te like ſtars, and the reft vaniſhed. He thought the 
* whole appearance continued about two minutes.” 


VII. Mr. Lloyd added what follows from the 
Liverpool News-paper, dated iſt of December, 17 58. 
* On Sunday laſt was ſeen in Weſt Derby , by ſe- 
e yeral credible perſons, between 9 and 10 o'clock 
&« at night, a ball of fire; which aroſe in the caſt, and 
<«« appeared to increaſe in ſize for ſome time, and then 
« burſt, without noiſe. Its direction was to the 
« northward.” 


VIII. Cockermouth, in Cumberland, is about 86 
miles north by weſt of Liverpool. Mr. Muncaſter, 
of that town, ſays, in a letter to a friend in London, 
* That the meteor paſſed over that -= F about 
«© nine in the evening, on November the 26th, with 
« a very great velocity, towards the north-weſt ; that 
t it gave ſo ſtrong a light, that the ſmalleſt thing 
might have been ſeen on the pavement ; and that it 
« diſappeared in leſs than a minute: that the globe of 
fire appeared as large as the moon when ſhe is high, 
* but much brighter; and had a tail of a conical 
te form; but that they did not obſerve any ſparks or 


* — 


The diſtrict ſo called of Leverpool. 

+ Over that place. This expreſſion we are not to underſtand 
here in the ſtricteſt ſenſe, more than when uſed by the obſervet at 
Carliſle : befides, as the meteor really paſſed within a few miles of 
the vertical points of both thoſe places, and probably was at that 


time above 60 miles high, it could not appear to decline much from 
the zenith, 


4 | -<* ſtars 
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& ſtars fall from it, like thoſe which are ſeen on the 
4 burſting of a rocket; nor did they hear any ex- 
« ploſion.” 


IX. From Carliſle, which lies about 26 miles N. E. 
of Cockermouth, the account I received was more 
particular, and for which I was obliged to Mr. James 
Hewit, wine-merchant of that city, who not only 
had a view of the meteor during part of its courſe, 
and heard a report, but, at my requeſt, ſome time 
after, took the trouble to meaſure the height, at its 
apparent elevation when he ſaw it, and at its extinc- 
tion, from the memory of another perſon, who had 
a ſight of it to the laſt, I ſhall give the ſubſtance of 
ſeveral of his letters on this ſubject, in his own words. 
«© The direction of the meteor was from ſouth-eaſt 
<« to north-weſt. It did not appear in a globular 
<« form, as it paſſed over Carliſle ; but tapered in the 
« manner repreſented in Fig. 3. Its head ſeemed 
* to be about 14 inches in diameter, and its length, 
<« from head to tail, about 5 yards. It appeared much 
brighter than the moon, and lightned the atmo- 
te ſphere to ſuch a degree, that a perſon, who ſtood 
te in the ſtreet, could eaſily have diſtinguiſhed the 
<« difference between a ſmall needle and a pin, if 
e they had been lying on the ground before him. It 
emitted ſeveral ſparks as it went along, and con- 
ce tinued in fight about 25 ſeconds. About a minute 
cc after it diſappeared, there were two exploſions im- 
*« mediately following one another, of a hollow 
* noiſe, as loud as the report of a cannon at 2 or 3 
«© miles diſtance ; and, immediately after the explo- 
« ſions, there was heard a confuſed rumbling noiſe 

Gg 2 in 
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in the tit, which continued at leaſt 20 ſeconds; at 
e the ſame time I could perceive no wind, and the 
ſtars were remarkably bright. As for the greateſt᷑ 
altitude, which you deſire to be informed about, as 
I could very well retain that in my head, a gentle 
man in town, and myſelf, took that height with a 
e theodolite, by pointing the inſtrument to that part 

of the heavens I ſaw the meteor in; and in this I 


* 


could be very exact, as I took particular notice of 
<< its apparent elevation above a certain high houſe 
e it ſeemed to paſs over. We found the greateſt 
height to be 32 degrees above the horizon, on a 
vertical circle; and 4.1 degrees from the north to- 
* wards the weſt *. As I did not myſelf ſee the me- 
teor extinguiſhed, by reaſon of ſome houfes that 
© were in the way, IL found a perſon in this neigh- 
e bourhood, who had ſeen it to the laſt ; and getting 
« him to point to that part of the heavens where it. 


* diſap ght with the 


peared, we alſo took. that hei 
© theodolite, and found it eight degrees T. This 
man ſeeming to be pretty ſure of his pointing to the 
e very place in queſtion, I believe you may depend 
<« on the obſervation as tolerably juſt, As for the 
« figure (Fig. 3.), you have it as correct as I could 


_—CO I 
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® It appears by this obſervation, that the meteor being ſo low 
as 32*, it muſt have paſſed the town a great way before Mr. Hewit 


got a fight of it. 

| bei inguiſhed when perpendicular to Fort 
William (as will appear by a ſubſequent obſervation), at the appa- 
rent altitude of 8 at Carliſle, makes the real height at Fort Wil- 
liam to have been between 26 and 27 miles, allowance being made 
for the curvature of the earth, of 31 miles, between theſe two 


« make 
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«ke it; enly, perhaps, I have added too many 
* 8 pap tare (bd wot ſo many iffae from 
4 the tail. The meteor did not diſcharge any ſparks 
<« nearer the thick end, than are deſcribed in the 
<« figure; but thoſe it did emit, darted from it with 
« an aftoniſhing velocity. In anſwer to what you 
« require in your laſt (viz. whether the path of the 
tt meteor was to the caſtward or weſtward of Car- 
ct liſte?) my ſituation, when I faw it, was near the 
<« center of the town; and the bearing of that part of 
te the houſe, over which I ſaw it, was 41 from the 
« north towards the weſt; and as its . progreſs ap- 
" 2 the left ſide of me when facing the ſaid 
<* houſe, the path was conſequently weſt of me, and 
of any part of this city *.” 


X. Mr. Jonathan Ormiſton, merchant at New- 
caſtle, favoured me with all the information he could 
procure in that of the country. It conſiſted of 
an abſtract from! the Newcaſtle — and the copy 
of a letter from Mr. Martin Doubleday, one of his 
friends near Durham, whom he calls a gentleman of 

ſenſe and knowledge. The article from the Journal 
is as follows. Newcaſtle, 26th of November, 
4 1758. This night a ſurpriſing large meteor was 
« ſeen here, juſt about nine o clock, which paſſed a 
e little weſtward of the town, directly to the north, 
and illuminated the atmoſphere to that degree for 


te near a minute, that, tho' it was dark before, one 


p 


* From this laſt circumſtance, compared with obſervations V. 
and XIII. we are enabled to judge nearly of the true path, which 
muſt have run from Cambridge acroſs the Solway frith, between 
Carliſle and Dumfries, and by Obſ. XVI. on to Fon William. 
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1 r have taken up a pin in the ſtreet. Its velo- 
city was almoſt inconceivably great; and it ſeemed 
«© near the ſize of a man's head. It had a tail about 
e two or three yards long; and, as it paſſed, ſome 
ay they ſaw ſparks of fire fall from it. It appeared 
* low in.the atmoſphere ; and we are adviſed from 
* Edinburgh, that it paſſed over that city“ juſt owe 
the ſame time, had the ſame » 


moved in the like direction.“ 


Mr. Doubleday's letter. 


XI. On the 26th of November laſt, about a 
* quarter before nine, as I was fitting writing by 
« candle-light, with my face towards a window 
c fronting the north-weſt, I was ſurpriſed by a ſud- 
eden and extraordinary light, and ſtepping haſtily 
* to the window, ſaw the reſemblance of a large 
* {ky-rocket, falling and burſting into ſparks of fire, 
«© which became more ſcattered in its deſcent, and 
<« ſeemed to be quite ſpent by that time it reached 
ce the horizon (Which it did, as near as I could gueſs, 
« due north 1), its path appearing luminous to a 
<« conſiderable diſtance from the ſcattered parts, 
e which with it were not diſperſed, but as if con- 
e fined between two parallel ſtreight lines. The 
< greateſt height of its luminous path, when I firſt 
« ſaw it, was 25 degrees above the horizon, N. W. 
« by N. I heard no noiſe at the time, nor after; 
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by By the accounts I had from Edinburgh, it was not nearly ver- 
tical there. 

t The head of the meteor, ſeen from this gentleman's houſe,could 
not reach an unobſtructed horizon, nor be ſeen due north by 3 or 
4 points, confiſtently with moſt of the other abſervations. 
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er and I conclude from its ance, that it muſt 
& have begun to burſt before I ſaw it.” 


| Dated from Butterby, about a mile 
ſouth of Durham *. 
XII. Mr. Blake, Fellow of the Royal Society, 
ſent me the obſervation of the reverend Mr. Wil- 
lam Henderſon, vicar of Felton (a village about 
24 miles N. N. W. of Newcaſtle) ; who ſays, © That 
&* the night was dark and calm; that as he was go- 
* ing home (a little after nine), about 20 yards weſt 
ce of the bridge, the road was inſtantly ſo much en- 
* lightened, that he might have ſeen to take up a pin; 
ce that the globe, to the eye, was about the ſize of a 
5c bail of 6 or 7 pounds weight ; that he could not 
de gueſs at its diſtance from the earth, but, during 
* the ſhort time he ſaw it, he imagined he heard it 
c whizz over his head +; that it had a tail like that 
& of a comet, almoſt a yard in length, perpetually 
<« emitting ſparks of fire; that the time of obſervation 
* was very ſhort, on account of a great hill that riſes 
* on the ſouth fide of the river Coquet, and of a 
« clump of trees on the north ſide, which obſtructed 
* his view; that its velocity was great, for that it 
did not continue in ſight above 5 or 6 ſeconds ; and 
* that its courſe, as near as he could judge, was to 
the north-weſt,” 


n 


— 


— 


* Durham is about 59 miles from Carliſle eaſtward. 

+ The obſerver probably means a cannon ball of a ſix- pounder. 
1 Ld. ſound muſt have been a deception, as ſhall be ſhewn 

TWAarus, | 


Theſe 


12320 
Theſe were all the accounts of the progreſs of the 
-meteor, which I could procure in England: I ſhall 
next lay before the Society the obſervations I have 
had from Scotland; and as 1 have begun, I fhall 
2 to trace the appearance from the ſouth north- 
wards. 


XIII. Dr. Gilchrift, 7 4 at Dumfries (which 
lies a few miles north of the Solway frith, and about 
30 miles N. W. by W. of Carlifle), acquainted me, 
«© That the beſt account he could get of the meteor 
& (which he did not fee himſelf), was from a young 
«« man of that who, in common affairs, was 
« ſenſible and diſtinct. This perſon, on the 26th of 
November, 17 58, in the evening, being in a room on 
cc à firſt floor, which had the windows to the north- 
<« eaſt, was ſurpriſed by an extraordinary light, and, 
bas ing to one of the windows, ſaw a large fiery 
* body, like red-hot iron. It appeared to him as large, 
* and as long, as a middle-ſized man, the fore part 
<< broadeſt ; its-progreſs was from S. E. to N.W. part 
« of the tail ted from the reſt, but he ſtill 
< thought it followed the body for a little ſpace, and 
< then it burſt like gunpowder, tho' without noiſe, and 
e fell down in ſparks of fire, whilft the body kept on 
e its courſe x; but which he immediately loſt fight 
te of, by a houſe of two ſtories high that intervened.” 
The doctor faid further, that the ſame formed 
his judgment of its height from one of the ſteeples 
# of - town, a hundred feet high; but, as the 
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The circumſtances contained in this . ay — 
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with the account of the farmer at Ancram. Sees 
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2331 | 
diſtance of this ſteeple from the obſerver is not men- 
tioned, nothing can be made of the apparent altitude 
from that deſcription, more than of the diſtance eaſt- 
ward, which, letting fall a perpendicular from the 
«© meteor, he imagined, was not above a good gunſhot 
« from him.” 

Dr. Gilchriſt added, That a young lady of his 
* acquaintance, happening to be in the ſtreet near the 
*« ſame place, ſaw the meteor likewife, and deſcribed 
it as a ball of fire, about the bigneſs of the ſun, with 
a tail; and the length of the whole as longer than 
one's arm. She ſaid, it was almoſt over her head “, 
higher than the ſteeple mentioned before ; that it 
*© burſt without noiſe, and was intirely diſſipated into 
© ſparks of fire, which fell down, and, as ſhe thought, 
<* almoſt reached the tops of the houſes:” 


* 


XIV. The reverend Mr. William Turnbull, mini- 
ſter of Abbotrule (a pariſh about 46 miles N. by E. 
of Carliſle, 44 miles N. E. by E. of Dumfries, and 6 
miles S. W. by W. of Jedburgh, in the ſhire of Rox- 

burgh), favoured me with a letter, containing the 
following particulars, © That on Sunday the 26th of 
« November, 1758, about nine at night, fitting in his 


ce parlour, which had a ſouth-weſt window, he very 


« diſtinctly ſaw a light, which he took for a flaſh of 
«© lightning ; but was ſurpriſed with the difference of 
« its colour, as being whiter, and giving a clearer 
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* From this circumſtance, and the greater apparent magnitude 
at Dumfries than elſewheie, it is probable the meteor was more 
nearly vertical there than at Carliſle, or any other place of obſerva- 
tion mentioned. 


Vor. LI. 


H h 0 pl 


— —— — —— — —ů—  - 


ä — — — —— — — 
. 


. ————— _— 


— - A ww — = 


. 83 
es 
= 
* 
— 
228235 
= 
= 
* 
* 


Hulu, Trans. Vol. L TABVI P. 225. 


—— — —— — —  — td 


4 Munde ſe . 


2331 
diſtance of this from the obſerver is not men- 
tioned, nothing can be made of the altitude 
from that deſcription, more than of the diſtance eaſt- 
ward, which, letting fall a perpendicular from the 
* meteor, he imagined, was not above a good gunſhot 
from him.” 

Dr. Gilchriſt added, That a young lady of his 
* acquaintance, happening to be in the ſtreet near the 
** ſame place, ſaw the meteor likewiſe, and deſcribed 
it as a ball of fire, about the bignefs of the ſun, with 
a tail; and the length of the whole as longer than 
<« one's arm. She ſaid, it was almoſt over her head *, 
higher than the ſteeple mentioned before; that it 
*© burſt without noiſe, and was intirely diſſipated into 
* ſparks of fire, which fell down, and, as ſhe thought, 
< almoit reached the tops of the houſes:” 
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XIV. The reverend Mr. William Turnbull, mini- 
ſter of Abbotrule (a pariſh about 46 miles N. by E. 
of Carliſle, 44 miles N. E. by E. of Dumfries, and 6 
miles S. W. by W. of Jedburgh, in the ſhire of Rox- 
burgh), favoured me with a letter, containing the 
following particulars, © That on Sunday the 26th of 
« November, 1758, about nine at night, fitting in his 
ce parlour, which had a ſouth-weſt window, he ve 
e diſtinctly ſaw a light, which he took for a flaſh of 
ce lightning; but was ſurpriſed with the difference of 
« its colour, as being whiter, and giving a clearer 
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* From this circumſtance, and the greater apparent magnitude 
at Dumfries than elſewhe:e, it is probable the meteor was more 
nearly vertical there than at Carliſle, or any other place of obſerva- 
tion mentioned, 
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e view of the pictures, and every thing elſe in the 
« room, than what he could have expected from com- 
« mon lightning; that, however, he waited for a 
<« clap of thunder, and accordingly, at the end of five 
te or ſix minutes, he heard a very great exploſion, not 
e indeed fo like thunder, as the craſhing noiſe of the 
« fall of a houſe; and being perſuaded that this was 
« really the caſe, and that the gabel-end of his own 
« houſe, fartheſt from the room he ſat in, with the 
« offices, had fallen, he ran out, but found no damage 
% done, nor ſaw any clouds, it being clear ſtar- light.“ 


* 


XV. Having written to Mr. Walter Pringle, ſhe- 
riff-depute of the ſhire of Roxburgh, for what infor- 
mation he could give from that part of the country, 
he acquainted me, That he himſelf had neither ſeen 
« the meteor, nor heard the exploſion ; but that a 
ſervant of the houſe, where he happened to be 
te that night (about 20 miles S. S. E. of Edinburgh, 
« and as far N. N. W. of Abbotrule), came in 
«© about nine, and told him there had been ſome 
thunder and lightning; which he thought very im- 
cc 22 as he had been out but a few minutes 

ore, and had not ſeen a cloud in the ſky”. 
Mr. Pringle added, that the reverend Mr. John 
Smith, of Jedburgh, had written to him as follows : 
« T am ſurpriſed, that, in all the accounts given of 
« the meteor, ſeen on the twenty-ſixth of Novem- 
« ber, one remarkable circumſtance is omitted, 
« namely, the horrid crack, which I heard, being. 
ce then on the confines of Cumberland, near Stone- 
garthſide (about 15 miles N. by E. of Carliſle): it 
« was much louder than the report of any heavy 
« cannon, and continued about 7 or 8 ſeconds. The 


people 
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people thought it a peal of thunder; but this, I 
te imagined, could not be the caſe, as the ſky was not 
e clouded. I did not fee the meteor myſelf, being 
then within doors.” 


= 


XVI. In another letter, Mr. Pringle informed 
me, That he had converſed with one James Turn- 
<« bull, a farmer at Ancram, a village about three 
« miles north-weſt of Jedburgh, who had ſeen the 
«© meteor, and heard the exploſion, and who being a 
te very ſenſible man, he thought he could not give me 
cc greater ſatisfaction, in anſwer to my queries, than 
e bydefiring him to write me a full account of what 
ce he had ſeen and heard.” Accordingly I received 
the following letter from that perſon. | 
At Mr. Pringle's defire, I fend you an account 


cc of the meteor, as it appeared to me on Sunday the 
c 26th of November, 1758. My dwelling-houſe, 


e at the mill of Ancram, fronts ſouth-eaſt; and the 


«© mill-houſe, which is directly before it, has the ſame 
« expoſition, at the diſtance 0: about twelve yards. 
« About nine at night I happened to be out, and 
« upon returning to my houſe, and juſt entering the 
« threſhold, the whole fide of the houſe became 
<« ſuddenly enlightened, and with a brightneſs as 
« of ſun-ſhine. My back being towards the place 
«© from whence the light. came, I quickly turned 
«© about to ſee what might be the cauſe of it, and 
ce then beheld a globe of fire about the bigneſs of the 
«© crown of the cap I commonly wear, 6 or 7, or at 
« moſt 8 inches in diameter *, direCting its courſe 
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* After receiving this letter, I wrote to Mr. Smith, to deſire him 
to aſk Mr. Turnbull, how many inches in diameter the full moon 
appeared 
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from a ſhepherd's houſe (which ſtood at above a 
tc mile's diſtance) towards me, as I thought, and right 
* over the middle of the mill-houſe. I ſcarce had time 
* to think, when it paſſed by me to the north-weſt 
« with a very great ſwiftneſs, and very high in 


the air. When it came _—_— to the gabel- 
end of the dwelling-houſe, I then diſcovered its 
true figure: it was perfectly round at the great 
« end, which went foremoſt, and tapered three or 
« four yards, to my imagination, in length +. Being 
« reſolved to ſee it as long as I could, and fearing 
the wall and roof of my houſe might intercept the 
« view (for I was then ſtanding in the threſhold), I 
« moved fix or ſeven yards farther off the houſe, 
« keeping my eye fixed upon the meteor, and ob- 
e ſerved, that it had not gone above a quarter of a 
« mile, when one-third towards the ſmall end broke 
off; which third ſeparated into ſparks of fire, reſem- 


— — —— nn 


appeared to him when at the higheſt above the horizon; his 
anſwer was, about 12: hence the apparent diameter of the meteor, 
to this obſerver, was not above one half, or at moſt two-thirds, of 
the apparent diameter of the full moon at its greateſt height. But 
whereas this perſon ſaw the meteor. firſt, when it could not be 
much farther advanced to the northward than Cambridge, the ap- 
parent magnitude muſt have been conſiderably increaſed by the 
time it came oppoſite to the gabel-end of his houſe, where it was not 
at above the third part of the firſt diſtance. If therefore we allow, 
that when ſeen at the largeſt at this ſtation, the diameter of the head 
was only equal to the apparent diameter of the moon at the fame 
height, we ſhall find the real diameter of the meteor to have been 
about half a mile, upon computing its diſtance from the village of 
Ancram. 

+ Having afterwards inquired, whether the head was of a glo- 
bular form, diſtinct from the tail, he anſwered, that he could be 
« aſſured, that the appearance was as in the figure; and that the 
« head and tail formed one tapering ſtream of light.” 
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bling ſtars, and immediately vaniſhed. Soon there- 
after the remaining body vaniſhed alſo, directly to 
the north-weſtward of my houſe, and the former 
darkneſs returned *. At this time, I imagined I 
{till ſaw the intire figure of the body in the air, 
tho' perfectly black; but I have been ſince told, 
that this appearance might have been only a de- 
ception, occaſioned by the brightneſs of the body 
ſtriking the eye; as when we firſt look at the ſun, 
and then turn our ſight to the ground, or a wall, 


_—_— — et im... 


* I alſo inquired of the obſerver, by Mr. Smith, whe- 


ther the body went on for fome time in its progreſs northward, 
after the ſeparation of part of its tail, or inſtantly vaniſhed? The 
anſwer was, „That the tail (meaning the part which broke off) 
« went into ſparks, and inſtantly vaniſhed ; that ſome ſparks came 
from the body alſo; but that it went forward a little way before 
« it was extinguiſhed ; viz. ſo far as that he could be aſſured it bore 
„% then due north-weſt of him.” Upon this information, in order 
to know the place of extinction, I drew on the map a line north- 
weſt from Ancram, till it interſected the line of direction of the 
meteor, and found, that this point, by Elphinſton's map of Scot- 
land, lay near Fort William; by Moll's map of Great Britain, 
the interſection was carried as far to the northward and weſtward as 
the weſt end of the iſle of Skye: but as I relied moſt on the former, I 
have referred the extinction to a point perpendicularly above Fort 


William. As for the ſeparation of the tail, that other remarkable 


period, according to Mr. Pringle's meaſures, it muſt have happened 
when the meteor was vertical to the ſouthern and weſtern part of 
the ſhire of Lanerk, near the borders of the ſhire of Air, as was 
obſerved before. 

With regard to the apparent variation of the height, to the ob- 
ſerver at Ancram, Mr. Smith wrote as follows, ++ You inquire, 


« whether, at the firſt fight James Turnbull had of the meteor, it 


« appeared to be as high as it did afterwards, when oppoſite to his 
« houſe? His reply is, that, at firſt view, it appeared indeed 


lower in the air than it did afterwards, which he aſcribed to the 


« greater diſtance ; but that he cannot ſay, that, at the end of its 
« courſe, it was certainly lower than when he ſaw it firſt,” 
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we fancy we ſtill ſee the figure of the ſun, but of a 
dark colour. Upon going into my houſe, I looked 
at my watch, and found it five minutes after nine. 
The time of the meteor's appearance, during my 
obſervation, might be near a minute. After I had 
been in the houſe about five minutes, I heard a 
noiſe, like a clap of thunder, of ſome continuance; 
and, upon my daughter's ſaying, there is thunder, 
I ſaid, that could not be; for that 1 had ſeen no 
clouds when I was out. Upon this, I went out 
again, and found no clouds, but clear ſtar-light, 
Several of my neighbours in the village of An- 
cram (which lies about 300 or 400 yards from 
me, a little weſterly of the ſouth, and over the 
middle of which the meteor paſſed, according to my 
imagination), likewiſe ſaw the meteor, and heard 
the report. One of them in particular ſays, that 
the noiſe came from the fire as it went along; but 
I cannot be perſuaded of this, for, during the time 
of the light, I did not hear the leaſt hiſſing ſound, 
nor a noiſe of any kind. Another of my neigh- 
bours in that village, who heard the report, faid, 
it ſounded to him like a craſhing noiſe, and in ſuch 
a manner as made him imagine, that the gabel- 
end of his own and his neighbour's houſe, which 
were contiguous, had fallen down at a time. I 
have been told, that the continuation of the noiſe, 
heard by our family, might have been owing to 
the particular ſituation of the houſe. It ſtands in 
a hollow, near the brink of the Ale, greatly over- 
topt by very high banks, partly of rock, partly of 
clay, and very ſteep, which lie along that river. 
Upon the top of theſe banks, to the weſtward of 
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my houſe, and farther up the ſtream, is a large 
plantation, and it was directly over thoſe trees that 
the meteor diſappeared. In this caſe, the ſound 
muſt have come down ſome part of the trough 
formed by the banks of the river; and it is be- 
lieved, that the continuation of it might have 
been occaſioned by an eccho from the rocks, and 
the ruinous walls of an old monaſtery, which 
ſtands on the other fide of the water, juſt oppoſite 
to my houſe: whereas the village of Ancram lies 
off the trough of the river on a riſing ground, on 
a level with the plantation, over which the me- 
teor ſeemed to break. With reſpect to the height 
of that body, all I can fay is, that I thought it 
very high, and can be poſitive it was nearer what 
Mr. Pringle calls the zenith than the horizon. I 
have pointed out the place to that gentleman, as it 
appeared to me; and, as he 1s to take the height 
of it with an inſtrument, he will be able to inform 
you more exactly.” | | 


XVII. Before I received this letter, Mr. Pringle 


had ſent me the figures of the meteor, which James 
Turnbull refers to. They were drawn by Mr. Smith, 
in preſence of the obſerver, and by his direction. See 
Fig. 4. 


A B repreſents the meteor intire, after it had 
come fully in view. CD repreſents the ſame, 
after the ſeparation. CE the third part of the 
tail ſeparated. D F the head, with the remain- 
ing part of the tail. G the ſparks of fire iſſuing 
from the part of the tail ſeparated, H the 

ſparks 


3 
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ſparks emitted from the remaining tail, where 
e ſeparation was made. W the meteor reduced 
again to a round form, after loſing its tail. 


Here it may be proper to obſerve, that, with re- 
gard to the ſparks, ſome part of them are marked in 
the figure ſomewhat different from what they are 
deſcribed in James Turnbull's letter. There he only 
ſays, that the third part of the tail, which was broken 
off, ſeparated into ſparks of fire ; without taking no- 
tice of the ſparks that likewiſe iſſued from the remain- 
ing part of the tail, which however was a circum- 
ſtance he mentioned to Mr. Smith, when that gentle- 
man drew the figure. 

Some time after this letter, Mr. Pringle acquainted 
me, That he had been at the farmer's houſe; that 
<« he had ſurveyed all the places mentioned in his 
<« letter; and, to make the whole perfectly clear, he 
had drawn a plan, containing the apparent courſe 
tc of the meteor, its apparent interſection with the me- 
<« ridian, and the bearings of all the places mentioned 
ein the obſerver's letter.” See the ſame Figure. 


K the farmer's houſe. + L the mill. MN the me- 
ridian line. P the ſhepherd's houſe, over which 
the meteor firſt appeared, making an angle 
MK P of 42* 20' with the meridian. V the 
hill and trees, apparently over which the meteor 
broke, making an angle M K V of 92 30 with 
the meridian. The line PV the horizon. O 
the meteor ſeen firſt in a round form over the 
ſhepherd's houſe. T the meteor beginning to 
appear in its proper form. PQR U the path 
of the tail broke off over the trees. 

| Theſe 
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Theſe figures of the meteor are made much larger 
than they ought to be, in proportion to the other ob- 
jects, in order the better to repreſent its true form. 

After making this ſurvey, Mr. Pringle got 
the farmer to point to that part of the heavens to 
which he referred the meteor, when oppoſite to the 
gabel- end of his houſe; and the obſerver ſeeming to 
be well aſſured of the place, Mr. Pringle took the 
altitude with an inſtrument, and found, after three 
trials, the height to be about 58? #k. He concluded 
with ſaying, © That, in anſwer to ſome more que- 
« ries of mine, the farmer had told him, that he had 
<« obſerved little riſing or falling of the meteor during 
c its whole courſe; but that its motion, from the 
time he firſt ſaw it, to its extinction, ſeemed to be 
nearly in one ſtreight line, at an equal height above 
ce the horizon +; and that the light was continued 


and uniform, without any freſh burſtings of flames 
ce from either the head or the tail.” 


cc 
cc 


XVIII. All the information I received from that 
part of the country, over which the meteor ſeem- 
ed to break, was from Lord Auchenleck, one of 
the judges in Scotland, whoſe lands lie in the ſhire 
of Air, bordering on the ſhire of Lanerk. That 
gentleman was then at Edinburgh; but was ſo ob- 


— 


* At this time the meteor muſt have been vertical, about two 

or three miles to the ſouthward of Lochmabin, a town in the ſhire 
of Dumfries diſtant from the obſerver about 37 miles, and from 
that place where the tail afterwards broke off 31 miles. From the 
altitude given here, I have computed the real height, at this place, 
to have been about 59 miles. | 


+ This remark muſt be corrected by the laſt paragraph of the 
laſt note of Obſ. XVI. 


Not. LE Ti 


liging, 


evening was more calm.” 
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liging, as, at my requeſt, to make all the inqui 

* ai the people on his eſtate, dl ko 
neighbours; but could procure me no other ac- 
count than what is contained in the following letter, 
which he had from his gardener, © In obedience to 
« your lordſhip's orders relating to that great meteor, 
*« which made its appearance upon the 26th of No- 
« vember, 1758, as I did not ſee it myfelf, I cannot 
* give ſuch a particular account of it as I could wiſh; 
but what I can collect from ſundry folks in this 
* neighbourhood, is as follows. About a quarter 
* after nine that night, there appeared from the 
* ſouth-eaſt a very great illumination or light, which 
« inſtantly made ſuch a ſplendor, that, to a confider- 
able diftance, one could moſt diſtinctly ſee houſes, 
© trees, water, ſtones, &c. but could not obſerve 


any particular body from which the light iflued, 


c nor that it ran farther weſtward ; from which we 


« may conclude, that it had then broke. No noife 
*« was heard, and no ſuch thing as any aſhes were 
found, that I could hear of. During the preced- 
<« ing part of the day, we had a ſtrong and very 
« cold ſouth-eaſt wind, with a little froſt ; but the 


Signed, James Bruce. 


From this letter it appears, that the ſky in thoſe 
parts, as about London, was then ſo much clouded, 
as to hide the body of the meteor, tho' the light of it 


was very manifeſt, and which, I preſume, was the 


brighter there for the burſting of the tail, and its 


diſſolution into ſparks of fire, when almoſt vertical to 
the obſervers, 
XIX, Sir 
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XIX. Sir Robert Pringle, who was at Stitchill, 


(about 10 miles N. N. E. of Jedburgh, and about 60 
miles, nearly in the ſame direction, fromCarliſle), wrote 
as follows. I é did not ſee the meteor you mention, 
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nor have I yet met with any body that obſerved 
it, further than the great light with which it was 
attended, making every thing to be ſeen on the 
ground as diſtinctly as in ſun-ſhine, and which 
continued, as they ſaid, much longer than a com- 
mon flaſh of lightning from thunder. At that 
time I happened to be fitting, with ſome of my 


family, in the parlour, and all of us heard a 


noiſe we could not account for, as ſounding 
like a gun fired off in the garrets, or a cannon 
diſcharged about a quarter of a mile from us ; but 
the noiſe continuing like thunder at a diſtance, we 
concluded it was nothing elſe, till one of the maid- 
ſervants came in, and told us, ſhe had ſeen a very 


ſurpriſing flaſh of lightning, both for its clearneſs, 


which ſhe compared to noon-day, and for its con- 


tinuance ; but ſhe did not hear the report, which, 
I ſuppoſe, was occaſioned by the noiſe of her own. 
feet : for all the reſt of our ſervants, that were fit- 
ting, and ſeveral other perſons in the neighbour- 
hood, heard it much as we did. Some of our 
Edinburgh news-papers deſcribe the body of that 
meteor to have been like a large ſtar coming from 
the ſouthward, and cnding in the northward, both 
points weſtward of the obſerver, with a train after 
it, in form like a cone; and with ſeveral ſparks 
falling from it as it went along. Theſe accounts 
ſay nothing of the length of this luminous appear- 
ance; but that it ſeemed to be about 10 or 12 

1i 2 « inches 
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* inches broad at the head; nor do they mention 
* any ſound that was heard after it vaniſhed. A 


« gentleman from Berwick told me, that he had 


« ſpoken with a maſter of a trading veſſel there, who 
« {aw this meteor of November laſt, as he was fail- 
ce ing in the Baltick, and in the ſame form it ap- 


<« peared in this country; but did not mention its 
* height, nor direction.“ 


XX, Mr. Redpath, ſon of Mr. Redpath of An- 
gelraw (a place about four miles north-eaſt of Stit- 
chill, in the ſhire of Berwick), ſays in a letter, dated 
from his father's houſe, © That he did not ſee the 
e meteor himſelf, nor had found any intelligent per- 
* ſon who had ſeen it throughout its whole courſe ; 
but that the beſt account he could procure was 

« from one Mr. Mack, a farmer in the neighbour- 
* hood, tho' he too had only obſerved it a little before 
e its diſappearance. That, from all he could gather, 
« it was ſeen on Sunday the 26th of November, 
« about nine at night; its direction was from the 
ſouth-eaſt to the north-weſt (but nearer the ſouth 
ce and north points than the eaſt and weſt), with a 
ce tail of 2 conſiderable length, pointing down- 

wards , inclining to the eaſt; that its courſe 
ſeemed to be very quick, and that ſparks of fire 
fell from it as it moved along; that the whole was 
of a conical figure, and appeared to be about five 
inches at its baſis ; that a very ſtrong light iſſued 
from it, Which, in thoſe houſes where the candles 


cc 


cc 


cc 


cc 
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nn 
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* This circumſtance of the tail pointing downwards, is con- 
trary to the other obſervations, and muſt have been a deception. 


« were 
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*« were out, darted thro' the windows with ſuch 


* ſtrength, that the rooms were wholly illuminated by 
ce it for 7 or 8 ſeconds; that its firſt appearance was 
cc not exactly at the horizon, but a little above it *, 
<«« and that, at its greateſt height, it certainly did not 
exceed 40 degrees; that it was extinguiſhed before 
* it reached the horizon, perhaps by about 8 or 10 
degrees +; that the colour of the meteor was at 
« firſt nearly of a pure white, but, in proportion as 
it advanced, it grew red, and ſeemed to go out all 
at once; that the light, which iſſued from it, 
c ſeemed rather to conſiſt of ſucceſſive flaſhes from 
« fide to (ide, than of an uniform regular flame; that 
a few minutes after its diſappearance (not above 
three or four) was heard by ſeveral people a violent 
thunder-clap, or ſomething very like it, and from 


the ſame point it diſappeared, viz. rather nearer to 
<« the north than the north-weſt.” 


cc 
cc 
cc 


cc 


XXI. At Dalkeith (a market town 6 miles ſouth- 
eaſt of Edinburgh), a gentleman, who happened to 
be walking eaſtward in the ſtreet, perceiving his right 
ide and arm ſtrongly illuminated, ſuddenly turned 
his face to the light, and ſaw the meteor, then in 


— 


* By Obſ. XVI. the firſt appearance muſt probably have been 
a good way above the horizon ; but Mr. Redpath fays, he had 
met with no perſon he could depend upon for the account of the 
firſt appearance. 

+ Angelraw being, within a few miles, of the ſame diſtance 
from Fort William as Carliſle, we have, by this laſt circumſtance, 


a confirmation of the real height of the meteor at its extinction, 


upon comparing With this obſervation the notes of No II. and 
No IX, 
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te a direction at right angles with the ſtreet , having 
te an altitude, as he conjectured, of about 45 degrees; 
© heobſerved that the figure was oval, the light great, 
tc and of a blueiſh caſt ; but he heard no ſound.” 


XXII. By an article publiſhed in the Edinburgh 
news- papers, the meteor appeared there of a conic 
6 form, about 5 or 6 inches broad at the baſis, and 
& laſted 5 or 6 ſeconds; its light was great, and 
*© ſparks flew from it like thoſe of a rocket, when its 
5c force is ſpent.” I wrote to Dr. Whytt, Fellow of 
the Royal Society, for more particulars from Edin- 
burgh ; but he returned for anſwer, © That he had 
© not ſeen the meteor himſelf, nor any body that 
* had made proper obſervations upon it; the reſt 
* could only tell they ſaw a ball of fire, which emit- 
te ting ſeveral ſparks in its progreſs, moved quickly 
* along the ſouth part of the hemiſphere, and then 
« diſappeared.” He added, that, on the night 
- p that on which the meteor was ſeen, he 
* had obſerved a very bright aurora borealis.” 


XXIII. One of my friends acquainted me from 
Edinburgh, that the article in the Glaſgow paper was 
to this purpoſe. © About nine o'clock laſt Sunday 
<« night (viz. on November the 26th), a globe of fire 
% came over this city from the ſouthward, in ap- 
te pearance as large as the full moon. It made the 
te ſtreets as light as at noon-day, laſted about a mi- 
ce nute, and, juſt before it vaniſhed, it divided into 


— 


—— 


t The ftreet, to the beſt of my remembrance, lies nearly north- 


north-eaſt and ſouth · ſouth-weſt. 
3 . 
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*« three parts directly over the middle of the town, 
te and then aſcended through the atmoſphere *. 
Mr. Smeaton, Fellow of the Royal Society, happened 
to be that night at Glaſgow ; but did not ſee the 
meteor, nor ſtaid long enough to get any tolerable 
account of it. From the information he had, he 
judged it was not ſo vertical as the news-writer of 
that place has repreſented it. 


6y rr ——— > ee, 4 
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XXIV. From Dunfermline (a town in the ſhire of 
Fife, about 14 miles north-weſt of Edinburgh), Dr. 
Stedman acquainted me, That he had only found 
« two perſons who had ſeen the meteor, a man and 
ce his wife, from whom he had the following parti- 
* culars. That the figure was fuch as was delineated 
« in the paper (Fig. 5.) which he ſent me; that the = 
* firſt view they had of it was in the ſouth- ſouth- bi | 
« eaſt, as it came from behind a building; and that * 
« it ſeemed to them to move weſtward ; that the 
« hinder part or train emitted large ſparks or globules { 
te of flame, ſuch as are ſeen to fall from a ſky-rocket, * 
* when it begins to break; that its altitude was 1 | 
« about 24®, which he had taken with an inſtru- 4 
« ment, upon their ſhewing him how it ſeemed to 
© move along the roof of a church, after bringing 
him to the window where they ſtood to fee it; 
te that they loſt ſight of it before it was extinguiſhed, 
© by a ſteeple that ſtood in the way; that its head 
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* I defired a gentleman at Glaſgow to aſk the writer of the 
paper, what he meant by this laſt expreſſion; but he received no 
ſatisfactory anſwer, and could furniſh me with no better materials 
from that place. 


„ or 
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or fore-part appeared ſomewhat broader than the 
full moon ; that no ſound was heard after its diſ- 


appearance; that the time was about nine at night, 
* on Sunday the.26th of November *. 
XXV. In 


* When Dr. Stedman ſent me this account, he had omitted 
taking the bearings ; but, in his next letter, he told me, he had 
<«< ſupplied that defect, and found, that the firſt appearance to the 
«© obſervers (when the meteor came from behind the building that 
<« intercepted the ſight of it), had been about ſouth by eaſt 5 eaſt; 
and that it had diſappeared behind the ſteeple at about ſouth by 
« weſt 4 weſt; that, during this ſhort courſe, it neither ſeemed to 
them to aſcend nor deſcend.” 

By Moll's map, the firſt of theſe bearings interſects the ſuppoſed 
tract of the meteor in Weſtmorland, about 14 miles weſt of Ap- 
pleby, diſtant about 102 miles from Dunfermline ; but cuts the 
tract ſo obliquely, that a very ſmall error in the bearing, or in the 
path of the meteor, would make a conſiderable difference in the 
following calculation. The other bearing cuts the tract near the 
ſouth-weſt corner of the ſhire of Lanerk, diſtant about 46 miles from 
Dunfermline. | | 

The above meaſures being in miles of 60 to a degree, give the 
height of the meteor, when firſt ſeen at Dunfermline, to be about 
54 ſtatute miles, and at the laſt bearing to be about 24 ſtatute 
miles, upon making allowance for the curvature of the earth. I ſuſ- 
peR, that the obſervers here made the apparent altitude too low; 
but, however that may be, from hence the dipping or obliquity of 
the courſe downwards is manifeſt. 

It was faid, that the head was ſomewhat broader than the full 
moon. Let us give ſome allowance to the imagination, and ſup- 
| poſe the head was but equal to the full moon, and that only when the 
meteor was at the neareſt. In this caſe, as the diſtance of the moon 
from the earth (about 240000 miles] is to the real diameter of the 
moon (about 2180 miles); ſo was the diſtance of the meteor (about 
59 miles) to its real diameter : which will thus be found to be about 
half a mile. But if the apparent diameter of the head at its firſt ap- 
pearance (that is, at the greateſt diſtance from the obſervers), was 
equal to that of the full moon, then the real diameter of the me- 
teor was about J or + part more than a mile. If it was indeed 
ſomewhat larger than the moon, then the real diameter might have 


been 


c 
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XXV. In January after, I ſaw here one Mr. Cairns 
(a young man then appointed ſurgeon's mate to one of 
the regiments at Gibraltar), who told me, That 
e he had ſeen the meteor, of the 26th of November, 
* about 9 oclock at night; that he was then in the 
© ſhop of Mr. Oliphant, ſurgeon-apothecary at Cul- 
& roſs (a town about 19 miles W. N. W. of Edin- 
ce burgh); that Mr. Oliphant and he were ſurpriſed 
e by a ſudden glare of light from the ſtreet, coming, 
as it were, in ſucceſſive flaſhes, but without any 
intervals of darkneſs; that they both ran out, and 
« obſerved a ball of fire moving, with great velocity, 
< in a direction nearly from the ſouth-eaſt to the 
< north-weſt ; that its height ſeemed to be conſider- 
te able; but that they had not ſeen it to the laſt, by 
te reaſon of ſome houſes on the north fide of the 
<« ſtreet, which ſtood in their way; that it was ſome- 
« what of a leſs ſize than that of the full moon, when 
«© about the ſame height above the horizon; and of 
an oval figure, with the longeſt diameter in the 
c courſe of its direction. He obſerved no tail, nor 
* ſparks of fire iſſuing from it; but ſaid, that ſome 
<< people of the town had taken notice of the latter; 
te that the meteor itſelf was of a reddiſh fiery colour, 
« though the reflection of the light from the ſtreets 
« was of a yellowiſh caſt; that he heard no exploſion 
c himſelf, and had met with none who pretended to 


— 


been about two miles; which is the length reſulting from the obſer- 
vation made at Dublin, as will afterwards appear. But, in ſuch 
caſes, the moſt moderate computations are moſt likely to be true; 


fo natural is it for the imagination to magnify all objects that 
alarm it. 
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have heard any noiſe, either during the appearance 
* of the body, or after its extinction.” Having in- 
quired how long the light continued, Mr. Cairns an- 
ſwered at firſt, © he believed about a minute or 
« two;” but, upon looking at a watch, which had 
a ſecond-hand, and deſiring him to recolle& the time 
from the firſt glare of light till the return of darkneſs, 
he ſtopt me when I had counted 13 ſeconds *. 


XXVII. I wrote to Dr. Simſon, profeſſor of me- 
dicine in the univerſity of St. Andrews (which lies 
about 31 miles N. E. by N. of Edinburgh), who an- 
ſwered, © That his family had been alarmed by 
te the light, and that one of them cried out, the 
« heavens were all on fire; that his ſon (a miniſter) 


. — — 
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* 'This account of the time is moſt likely to be the neareſt to 
the truth ; fince, without examining it in this manner, thoſe, who 
are unaccuſtomed to meaſure ſuch ſmall portions, will | nad 
reckon it much longer than it really is. I have been con in 
my opinion about the ſhortnefs of the time, by the obſervation of 
another gentleman, who, being that evening at a friend's houſe in 
the ſhire of Hadington, ſaw the light, without ſeeing the body. I 
defired him to recollect the time, whilſt I counted it, and in three 
trials, he ſtopt me pretty exactly at 8 or q ſeconds. He imagined 
he could not loſe above 2 or 3 before he faw the light. Mr. Dut- 
ton, watchmaker in Fleet-ſtreet, who, ſince this paper was firſt 
preſented to the Society, happened to ſee another meteor, which had 
a courſe little ſhorter than the other,. told me, that he could be 

aſſured, it was over in about four or five ſeconds ; tho? he believed 
that others, not of his buſinefs, nor uſed to compute by ſmall por- 
tions of time, would readily have affigned a minute or two for the 
duration of the appearance. But I ſhall ſuppoſe Mr. Cairns's mea- 
ſure, corrected by the watch, to be juſt; and therefore, as the 
meteor, in 13 ſeconds, paſſed from Cambridge to Fort William, 


30 miles in one ſecond of time. 


« hap- 


a ſpace of about 400 miles, it muſt have moved at the rate of about 
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happened, at the firſt appearance of the light, to 
be ſtanding cloſe by a ſouth window, and ſaw the 
meteor like a ball of fire, but of an oval figure, 
«© with its longeſt axis in the direction of its courſe, of 
ce a ſize equal to that of the full moon at her greateſt 
c height *; that it moved, with great velocity, from 
ce the ſouth-eaſt + (about which point he firſt ſaw 
it) towards the N. W. but that he had loſt fight 
« of it about the S. W. by the intervention of a 
& building on the oppoſite fide of the ſtreet, be- 
ce fore it had fallen from its apparent height: that 
he obſerved no tail, nor ſparks of fire iſſuing from 
te jt; and heard no noiſe after the return of darkneſs.” 
The doctor added, That he himſelf was from home, 
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* Tf Mr. Simſon loſt fight of the meteor duly S. W. of him, it 
muſt have then been perpendicularly over the ſouthern part of the 
ſhire of Lanerk, about 66 miles from the obſerver, and about the 
nigheſt he could have ſeen it any-where in its courſe. I ſhall there- 
fore ſuppoſe, that it was at its greateſt apparent diameter juſt before 
it diſappeared ; that is, equal to that of the full moon, according to 
his compariſon ; conſequently its real diameter was about half a 
mile, upon the like computation with that in the note upon Ob, 
XXIV. This is the moſt moderate; for the meteor might have 
been conſiderably larger even from this obſervation. 

+ Having omitted deſiring Mr. Simſon to take the bearings 
with a compaſs, he has not imagined that I required any greater 
preciſion than having the moſt common points; but as I find 
Cambridge laid down in all the maps nearly S. S. E. of St. An- 
drews, and as we have no reaſon to believe the meteor was lighted 
to the eaſtward of Cambridge, it is probable Mr. Simſon did not 
ſee it till it was nearer to the ſouth than the 8. S. E. But ſuppoſing 
this gentleman ſaw it at its firſt ſetting out, viz. over Cambridge, 
and duly S. S. E. then, from the angle of elevation of 155 deg. the 
diſtance between the two places, and an allowance made for the 
curvature of the earth, the perpendicular height at Cambridge 
muſt have been about 100 miles. 

K k 2 . 
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te at ſome miles diftance, at ſapper, in a room with 
the windows darkened; ſo that he neither ſaw the 
«© light, nor heard any ſound.” In a ſecond letter, 
he acquainted me, That his ſon, at my requeſt, 
« had gone with a friend to the fame window men- 
* tioned above, and, pointing an inſtrument to that 
e part af the heavens he recollected to have ſeen the 
e meteor in, they had found the apparent altitude, 
« during the time Mr. Simſon ſaw it, to have been 
about 15 degrees and a half. As for the whole time 
© of its continuance above the horizon, all the ac- 
* count he could give was, that the body was not 
0 __ to him longer than he could have counted 6 
* or 7 ſtrokes of his pulſe ; but believes, if he had 
© ſtood at a higher and an open window, he —_ 


have ſeen it much longer.” 


One of my friends did me the favour to write to - 
Bamf and Invernefs, in order to learn what had been 

obſerved in the more northern parts of Scotland ; but 
found the meteor had not been taken notice of at 
either of thoſe places. 


XXVII. Believing there was a better chance for 
hearing of its courſe more to the weſtward, a gentle- 
man here was ſo obliging as to procure me the follow- 
ing letter, written by Dr. Alexander Mackenzie, phy- 
ſician in the ſhire of Roſs, to a friend of his in the 
ſame country, on the occaſion of this inquiry. I am 
*« ſorry that the information I can give you about the 
*« meteor, of the 26th of November laſt, will be fo 
e little ſatisfactory: however, I ſhall tell you what I 
« ſaw. I muſt firſt obſerve, that where I then was, 

« VIZ. 
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«viz. at Flowerdale (a gentleman's houſe on the 
«© weſtern coaſt of Rosſhire), the view of the heavens 
eis extremely confined, being quite ſurrounded, ex- 
c cept at one point, by very high and cloſe-approach- 
ing hills; whence you will underſtand, that the 
e meteor muſt have been high before it could be ob- 
e ſerved, and that it quickly diſappeared, as its pro- 
„ greſs was very rapid. Its light was moſt ſurpriſ- 
c ingly ſplendent, but not in the leaſt like that of 
© the ſun, except when it ſhines through a cloud, 
or a ſummer ſhower. Its magnitude was near to 
that of the full moon, when ſhe is three or four 
* hours high. Its colour not at all like that of the 
* body of the ſun, or an ignited globe, but reſem- 
<* bled that of the flame of ſpirits. Its figure was 
% quite ſpherical, without any tail; but it emitted, 


“ or as it were dropped, ſparks of various colours 
cc 


cc 
cc 


cc 


e about nine, and indeed as dark a night as ever I 
« ſaw.” 


Upon reading this letter, and finding, by Dr. Mac- 


kenzie's obſervation, the courſe of the meteor to have 
been ſo very different in thoſe parts from what I had 


collected from the other accounts, and believing it 


was beyond all chance, that a new meteor ſhould. 


appear at the ſame place, on the ſame day, and 
at the ſame hour. when the other was expected, I 
doubted I had either miſunderſtood that gentleman's 
expreſſion, with regard to the direction, or that he 
poſſibly might have made a miſtake in the writing F 
an 


and magnitudes. As for its height, it was vertical; 
“ and its direction was from the weſt northerly to 
ce the eaſt ſoutherly. I was ſenſible of no noiſe 
on its diſappearance. The time of night was 
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and therefore, to be clear in this circumſtance, I 


wrote to the doctor, deſiring to be informed, whether 
he meant to ſay, as I underſtood him, that the courſe 
of the body was from ſome point a little northward of 
the weſt, to ſome point a little ſouthward of the eaſt ; 
or otherwiſe. To which letter Dr. Mackenzie obliged 
me withthis anſwer. © Altho' I regret my being out 
of the way of anſwering your letter in courſe of 
the poſt, yet, by that abſence, I have it now more 
* in my power to be exact with regard to ſome of 
% your queries, as I am juſt returned from Flower- 
e dale; where, in conſequence of the firſt letter on 
te the ſubject of the meteor, I obſerved narrowly the 
te ſituation of the mountains over which it paſſed; 
c in order that I might correct my account of its 
<* courſe, if I had miſtaken it before. But, after 
* that ſurvey, I found my former deſcription ex- 
act to a tittle, and your interpretation of my words, 
* viz. from the weſt northerly to the eaſt ſoutherly, to 
ce be preciſely what I meant: they may not be terms 
** of art, but expreſs the true progreſs of that body 
** when I ſaw it; notwithſtanding that I obſerve, by 
« your informations from the ſouth of Scotland, and 
* from Carliſle, its direction was almoſt directly op- 
«© polite, What I meant by its vertical height was, 
te that its declination, if any, was extremely ſmall 
« from the zenith, but that northerly. Tho' I con- 
ce tinued to gaze for about a quarter of an hour after 
ce it diſappeared, I was ſenſible of no found, neither 
like that of thunder nor a cannon-: yet ſuch might 
have been in a leſſer degree without my hearing it; 
<< as the noiſe of the ſea that night was remarkably 
e louder, than at any other time, during the whole 

* month 


E 


er month I was at that place. I can poſitively aſſure 


cc 
ec 
cc 
cc 
te 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
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cc 
ec 
cc 
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du no tail was viſible there; tho”, as I ſaid before, 
be leaſt meant to ſay in my former _ = 
meteor emitted or dropt a great many ſparks 1 va 
rious magnitudes, and moſt beautiful colours, ome 
of which ſeemed to equal the ſize of half a crown. 
My wife and another lady, at fifty miles 2 
almoſt due eaſt from Flowerdale, ſaw many - 
ſparks, but no part of the body of the meteor. The 


light, tho” of the pale moon-colour where I was, 


bright, that I could diſcover every buſh 
3 _ ſcraggy rock on the tops of = 
mountains, altho the night, both before and a 2 
its diſappearance, was extremely dark, and = E 
out a ſtar to be ſeen. I am not a little ſurpriſe 
that, conſidering how early in the night the — 
made its appearance, not one perſon, beſides _ 
ſelf, in all this country, as far as I can _ 3 | 
I have taken pains to inquir2), happened to = 1 H 
except you will admit that my wife and her 1 
ſaw ſome of its tract, from the ſparks _ © 4 
ſerved. And this circumſtance leads me to . ; 
that it made a very quick _ Ky mapa "i 
its di rance from my fight, loſing its ſ 
3 4 and running due caft: which, 2 
opinion, confirms the ſhip-maſter's report of ſee- 


ing it in the Baltick.” 


Thus far Dr. Mackenzie, who, I am perſuaded,. 


mi bout the points of the com- 
_—_ . A ee he is fo well acquainted. 
with „ offer any ſuch account of a _ 
he was not well affured of: ſo that, upon ns 
whole, we mult refer this ſtrange curvature in 


courſe 
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courſe of the meteor to ſome principle, at firſt view, 
very different from the common laws of motion ; but 
perhaps not altogether inconſiſtent with them, as I 
ſhall endeavour to ſhew in my next paper *. 

I finiſhed my inquiries for the north, by writi 
to a friend in the iſle of Shetland; but he had heard 
nothing of the meteor there. 


XX VIII. I ſhall conclude with one account more, 
which I had from Dublin, in a letter from Mr. Cleg- 
horn, author of the natural hiſtory of Minorca. I 
imagined, that a tolerable obſervation from that quar- 
ter would be uſeful, for aſcertaining both the height 
of this body above the earth, and its real magnitude; 
and accordingly I received from thence fome proper 
materials for that purpoſe. Mr. Cleghorn writes, 

That altho' the meteor, of the 26th of November, 
& did moſt certainly appear at Dublin, as well as in 
« England, yet few people had obſerved it with at- 
e tention, and none, that he could hear of, had com- 
«© mitted any thing to writing, excepting one Mr. 


* Tt ſeems, from obſervations made on other meteors of this 
kind, that the curvature in the path of ſuch bodies is not extraor- 
dinary. Thus, one that appeared in Italy in 1719, recorded in 
the firſt volume of the Academy of ſciences at Bologna, did not 
purſue its courſe in a ſtreight line; for they ſay, directio non eadem 
ſemper fuit. Again, in the hiſtory of the Royal Academy of 
ſciences at Paris, for the year 1738, we find another mentioned, 
which had ſo crooked a motion, that they call it an mouvement 
bizarre. Laſtly, I obſerve, that one of the gentlemen, who gave 
an account to the Royal Society of the meteor ſeen, about London, 
in the year 1741, deſcribes it as firft ſhooting to the north-eaſt, and 


afterwards to the ſouth-eaſt, . See Philo. Tranſ. Ne 463. p. 59- 
Abr. Vol. VIII. 2. 525. 


" Garret» 
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© Garret, a good ſenſible man, with ſome mathema- 
ce tical learning, whoſe account he had therefore ſent 


e me, in an extract from a regiſter of the weather 


2 


N 


kept by that perſon; and to which was ſubjoined 
* an anſwer to ſome queries, that had been put to 
«© him, concerning that body.“ Here follows the 


paper. | 
Extract from a regiſter of the weather, by Tho- 


mas Garret, inn-keeper at Iſland- bridge, near 
Dublin. | p 


e November the 26th, 1758, hard blowing wea- 
* ther; wind at ſouth-eaſt, Fifteen minutes paſt 
ce eight in the evening , a globe of fire about ſeven- 
c teen degrees above the horizon , due eaſt, moved 
« from ſouth to north, as. large in appearance as the 
*& moon, but more of a golden colour; it broke and 
5 diſperſed, like a ſtarry rocket, in ſmall, bright 
* ſparkles, nearly before the wind, or as if they 
% paſſed away with the wind. 


— 


= EET 

* By the difference of longitude, this time anſwers to about 
forty-one minutes paſt eight at Cambridge, about half an hour 
after eight at Carliſle, about 32 minutes after eight at Ancram, 
about 26 minutes after eight at Edinburgh, and about 20 paſt eight 
at Flowerdale in Roſsſhire. | 


+ By Moll's map, Dublin is diſtant from ray about 240 


miles (at 60 to a degree); and a line drawn due eaſt from Dublin, 
cuts the tract of the meteor near the north-eaſt corner of Derby- 
ſhire, diſtant by the ſame map about 185 miles from Dublin. 
From theſe meaſures, and the apparent height, the real altitude of 
the meteor at Cambridge muſt have been about 95 ſtatute miles, 
and over the corner of Derbyſhire about 72 ſtatute miles, allow- 
ance being made for the curvature of the earth. This obſervation, 
compared with Obſ. II. and XXIV. with the notes, makes the 
obliquity of the courſe very manifeſt, | 
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„ N. B. Mr. Garret keeps his clock very exact, 
« by Glaſgow's regulator, Chriſt-Church. 


« Emanuel Miller, of Ifland-bridge, ſaw this me- 
e teor from beginning to ending; thinks it was above 
* the horizon about half a minute; and ſays, that it 
« moved with leſs rapidity than falling-ſtars com- 
« monly do.” 

The following queries were put to Mr. Garret, 
« and his anſwers are annexed. | 

5 1. Was it a perfect ſphere, or an oblong ball? 

An. A perfect ſphere. 

« 2. With or without a tail? 

% Anſ. Without a tail. 

4 3. Did any ſparks of fire iſſue from it? 

« Anſ. There did not any ſparks iflue from it till 
te it broke. 

4. In what direction did it move, from S. E. to 
% N. W. or otherwiſe ? 

& Anſ. It moved from S. towards the N E. 

* 5. How long did it continue viſible ? 

Anſ. The obſerver ſays, he ſaw it only for the 
e ſpace of three ſeconds, or the twentieth part of a 
« minute; but that he is ſure it had been viſible 
** ſome time before, he having been called out of his 
“ houſe by his ſervant on purpoſe to look at it. 

* 6. Was any ſound heard like a clap of thunder, 
sor the report of a cannon, after its extinction ; and 


* how long after the diſappearance of the light ? 


— —_— — 


From that ſtation, the declination to the weſtward of the north 
could not be well obſerved. | 


cc Anf. 
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« Anſ. There was not any ſound heard: it was 
e ſuppoſed to be at too great a diſtance.” 


Theſe are all the accounts which I received, at 
different times, upon this ſubject. In another paper 
I ſhall offer to the Society ſome remarks, that have 
occurred to me, upon a careful review of the whole 
materials. 


— 


— — 


XXVII. Some Remarks upon the ſeveral Ac- 
counts of the fiery Meteor (which appeared 
on Sunday the 26th of November, 1758), 
and upon other ſuch Bodies; by John Pringle, 
M. D. F. R. 8. 


Read Dec. 20, N my laſt paper, I laid before the So- 

1759. ciety all the accounts I had received of 
the meteor, of the 26th of November, 1758 ; which 
I could not reduce into a narrower compaſs, without 
the hazard of omitting ſuch obſervations, as might be 
judged neceſſary for aſcertaining ſome of the principal 


circumſtances; or without paſſing over thoſe facts, 


which, however immaterial they may appear at pre- 
ſent, might afterwards afford ſome light in explaining 
the nature of theſe phenomena. I have even inſerted 
ſome particulars contradictory to others, that Iimagined 
more likely to be true, as I myſelf might be deceived, 
and as, by preſerving the ſeveral relations intire, I 


thereby did moſt juſtice to the obſervers. The de- 


ception of the ſenſes, upon the appearance of unuſual 
objects, the ſhort continuance of the meteors, and 
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the ſurprize occafioned by them, at a late hour, among 
people unaccuſtomed to think on theſe ſubjects, will 
ſufficiently account, not only for the variety, but the 
contradictions, in the ſeveral obſervations. 

I come next to the reſult of all the relations, with 
regard to the true path, the velocity, figure, magni- 
tude, and other circumſtances relating to this body ; 
which having deduced in the beſt manner I could 
from the preceding materials, I ſhall now ſubmit to 
the judgment of the Society. But as my laſt paper on 
this ſubject was of ſo great a length, I ſhall not far- 
ther inſiſt on it now, than barely to mention the con- 
clufions I have made, without loſing time in recapi- 
tulating the ſeveral ſteps that led me to them *. 

Firſt then, as to the path. This meteor ſeems to 
have been vertical at Cambridge, or nearly ſo, and 
to have taken fire about the zenith of that place; 
or at leaſt to have appeared firſt there in a ſtate of ig- 
nition. From thence it proceeded directly, almoſt 
N. W. by N. over ſeveral counties in England, over 
the Solway frith (which it croſſed between Carliſle 
and the town of Dumfries) ; and in Scotland over the 
{hires of Dumfries and Lanerk : but ſoon after its be- 
coming vertical to the laſt, viz. a few miles to the 
ſouthward of Douglas (or perhaps nearer to the bor- 
ders of Lanerk and the ſhire of Air, about 10 or 12 
miles to the eaſtward of Auchenleck), part of the tail 
ſeemed to break off, and to diſperſe in bright ſparks 
of fire; whilſt the head, into which the remainder of 
the tail was inſtantly collected, moved on in the fame 


— — — 


— 1— CER 


— — — —__— — — — 


* Some of the moſt material are ſubjoined in notes to the former 
paper, ſince it was firſt preſented to the Society. 


direction, 
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direction, till coming over Fort William, in the ſhire 
of Inverneſs, after a courſe of about 400 miles, it 


there ſuddenly diſappeared. 
But, notwithſtanding the extinction of the meteor 
at this place, it ſeems ſtill to have proceeded north- 


wards; ſince it was ſeen again, in a luminous ſtate, 


in a globular form, but without a tail, about the 580 
of latitude, on the weſtern coaſt of the ſhire of Roſs, 
almoſt vertical to the obſerver; moving then to the 


ſouthward of the eaſt; that is, in a direction almoſt 


contrary to the firſt: and in this laſt courſe, of which 
we know not the end, it poſſibly might have gone 
a great way to the eaſtward. 

During the firſt part of its progreſs, viz. from 
Cambridge to Fort William, it went obliquely down- 
wards, in ſuch a manner, that, by computation, it 
muſt have been from about 90 to 100 miles high at 
the firſt of theſe places, and between 26 and 32 miles 
at the laſt. But at what height it was afterwards ſeen 
in the ſhire of Roſs, is not to be determined, fince 
one obſervation only was tranſmitted to me from that 
country. As Dr. Mackenzie obſerved it nearly over his 
head, and yet of a ſmaller fize than the full moon 
when ſome hours above the horizon, I ſhould ſuſpect, 
that, after its deſcent to Fort William, it had re- 
aſcended at the time he ſaw it; becauſe he probably 
would have deſcribed it as a larger body, if then not 
higher than when it firſt diſappeared. 

This dipping and riſing, in the courſe of a meteor, 
is not more extraordinary than its lateral deviation 
from a ſtreight line, as I have elſewhere ſhewn#®. Such 
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gee the note ſubjoined to Obſ. XXVII. 
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are the facts, tho, perhaps, it may be hard to account 
for them from the common principles of motion. 
What ſeemed moſt likely to be the cauſe of the verti- 
cal change of its direction, was its rapid deſcent to- 
wards the earth, till it came ſo low as that the reſiſtance 
of the air might act upon it; in which caſe, the lower 
part of the body meeting with denſer air than the up- 
per, it would be ſo reflected from that medium as to 
aſcend; for tho', at the height of 20 or 30 miles, the 
air is extremely rarified, yet, in this inſtance, the im- 
menſe velocity of the impingent body will make a 
leſs reſiſting medium produce a greater effect. The 
meteor, therefore, might be reflected by the air, in 
the ſame manner as a cannon ball by water, when it 
{trikes it in a very oblique direction. 

If this reaſoning can be admitted, we may account 
tor the lateral variation of its path, in the manner 
following. Although it ſhould ſeem, that, during 
the firſt part of the courſe, the wind was at S. E. 
yet, when the meteor advanced towards the north of 
Scotland, it there probably met with a weſterly wind ; 
from this circumſtance in Dr. Mackenzie's letter, of 
the ſea being that night remarkably louder than at any 
other time during a whole month be had been at Fliw- 
erdale : for that place lies on the weſtern ocean, in 
the ſhire of Roſs ; and there, I imagine, the ſea could 
not produce that ſtormy noiſe, unleſs the wind had 
blown from ſome point between the weſt and the 
north. If therefore the current of the air obliquely 
oppoſed the motion of the meteor, that body would 
be gradually reflected into a new direction; from 
_ which, by another current, it might have been turned 
a ſecond or a third time, until it fell at laſt into that 
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path deſcribed by the doctor. From this account it 
will follow, that the lower a meteor deſcends, the 
more irregular its courſe will be; as it will then meet 
with the moſt refiſtance, both from the denſity and 
the currents of the air. 

In regard to the velocity, it ſeems almoſt incredible; 
as we have ſufficient data for computing it at the 
rate of 30 miles in a ſecond. But if we allow, that 
it only moved through half the ſpace in that time, 
we ſhall find the progrefiion of this body to have 
been above 100 times ſwifter than the mean celerity 
of a cannon ball, and nearly equal to that of the earth 
in its orbit round the ſun. 

As to its real ſize, we cannot pretend to determine 
that point with any precifion; fince its dazzling 
brightneſs would occaſion ſome deception, and the 
apparent magnitude has been ſo differently repre- 
ſented by the obſervers. If the meteor, when neareſt 
to Dublin, appeared to Mr. Garret equal to the full 
moon, then we thall find, that its true diameter was 
about two miles; and if the farmer at Ancram ſaw 
this body, whilit it was vertical at Cambridge, of a 
fize equal to the crown of his cap, or to about halt 
that of the full moon, we cannot allow leſs than a 
mile for the real axis. Upon eſtimating from the 
obſervations made at St. Andrews and Dunfermline, 
the diameter was at leaſt half a mile, and perhaps 
much greater. However, as the imagination is ſo 
apt to enlarge ſuch objects, we ſhall put the fize of 
the globe at the ſmalleſt, and reckon it only about a 

mile and a half round. 

The body muſt ſurely have been of a conſiderable 
bulk to have yielded ſuch a light, as that, when in ”= 
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zenith of Cambridge, the farmer at Ancram (at the 
diſtance of above 260 miles) ſhould, upon entering 
his threſhold, ſee the whole fide of his houſe illumi- 
nated by it; and, to uſe his own expreſſion, with a 
brightneſs as of ſun-ſhine. And indeed the greatneſs 
of the light is every-where taken notice of, even at 
thoſe places where the atmoſphere was fo thick as to 
hide the tail, nay, the whole meteor, as at Auchen- 
leck, where it was nearly vertical. 

As for the tail, it was a ſtream of light ſeveral 
miles in length ; for this was no deception, like what 
we ſuppoſe the train of a ſhooting ſtar to be, but was 
either a real flame, or, what is more probable, it 
conſiſted partly of flame, but moſtly of ſmaller maſſes 
of fire (which the obſervers call pars, when fall- 
ing out of the lucid tract), and of vapours or fuligi- 
nous particles, not heated red-hot, but illuminated 
by the parts actually burning. Perhaps theſe vapours 
were the chief part of the compoſition, and which 
will account for its light being ſo much fainter 
than that of the head ; fince in ſome places where 
the air was leſs clear, or the diſtance greater, we find 
the whole meteor deſcribed either as a round ball, or 
a ſpheroid (with the largeſt axis in the direction of 
its motion), but without a tail. In this laſt caſe, 
viz. that of the oval form, it is probable that, beſides 
the head, the beginning of the tail was alſo viſible, as 
conſiſting of flame, and therefore brighter than the 
reſt ; and that both together appeared oblong to thoſe 
obſervers. But ſuch as were neareſt, and had a clear 
atmoſphere, ſaw the tail of a conſiderable length ; 
that is, the flame, the ſparks and the illuminated 
vapour, in a train behind the head, as being lighter, 

3 e and 
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and therefore meeting with more reſiſtance from the 
air; in the ſame manner as the flame, the ſparks, 
and ſmoak, of a torch are ſeen to follow it. All this is 
plain ; but, in regard to that ſeparation of the third part 
of the tail from the reſt, a circumſtance clearly de- 
ſcribed by the farmer at Ancram, and ſeemingly con- 
firmed by other obſervations, there may be ſome 
difficulty. Perhaps at this JS upon a greater 
exploſion in the ball, moſt of the combuſtible matter 
was thrown out at once, which falling behind, occa- 
fioned that appearance of the breaking off a part of 
the tail, whilſt, for want of fuel, the remainder va- 
niſhed, or, as the obſerver expreſſes it, was collected 
into the bead. This account is rendered more pro- 
bable, by what is ſaid of the emiſſion of a greater 
light about this time, and by the loud report heard 
by the farmer five minutes after, and which, upon 
computing the diſtance, ought to have reached him 
much about that time, had it been occaſioned by this 
extraordinary burſting and diſperſion of the inflam- 
mable matter. 

The hiſſing noiſe, taken notice of by ſome while 
the meteor paſſed them, was a deception of that kind, 
which frequently connects ſound with motion ; and 
is the caſe of thoſe who fancy they hear ſomething, 
when they ſee the ſhootings of the aurora borealis; 
I fay a deception, becauſe if the meteor, during its 
courſe, really made any noiſe, fo great was the diſ- 
tance of that body, and ſo ſhort its continuance, that 
this ſound could not have been heard till ſome mi- 
nutes after the return of darkneſs. But the final re- 
port, ſo frequently mentioned, not only heard by 
thoſe who ſaw the light, but by others who knew 
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nothing of what had happened, was a real ſound, and 
immenſely greater than any we are acquainted with. 
For, at the diſtance of 70 miles and upwards, it was 
compared to loud thunder, the report of heavy artil- 
lery, the fall of the gabel-end of the houſe the perſon 
was in, and to a muſket fired off in the garret. If 
this noiſe was produced when the body threw out 
thoſe maſſes of burning matter (by the obſervers 
called ſparks of fire, the burſting of the tail, and de- 
lineated in Fig. 5. as balls of a ſmaller fize in the 
train itſelf), we ſhall find, that at this time the me- 
teor, by being more than 41 miles high, was in a 
region where the air is three thouſand times rarer 
than on the ſurface of the earth ; that is, about fix 
times rarer than in a common exhauſted receiver, 
where ſonorous bodies are not heard, and even where 
gunpowder and the pulvis fulminans take fire, and 
are exploded, but without noiſe. Hence 1 would 
infer, that the ſeparation. of the elaſtic matter muſt 
have been performed with a velocity exceeding all 
imagination; as the intenſity of ſound ſo much 
depends on the reſiſtance of the air, and as this ela- 
ſtic matter could fly off with ſo much celerity, as to 
find ſo great an oppoſition from ſo thin a medium *. 

I ſhould alfo conclude from the great report, that 
the ſubſtance of the meteor was of a firmer texture 
than what could ariſe from mere exhalations, whe- 
ther formed into a ſphere, and then burning; or diſ- 


M. Saluce has lately ſhewn, by ſome curious experiments, that 
ſuch ſubſtances as gunpowder and the pulvit fulminans, have a de- 
tonation in proportion to the rapidity with which the interna] air 
is ſeparated, and to the reſiſtance of the external air. See M:/cell. 
Taurinens. Tom. I. 


poſed 
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poſed into a kind of train, and conſumed by a run- 
ning fire: for ſounds, as far as we know, are either 
produced by the quick and violent percuſſions of hard 
bodies upon the air ; or by the ſudden expanſion of 
an elaſtic fluid, after being condenſed within ſome 
ſolid ſubſtance. The noiſe occaſioned by the motion 
of electtical matter is, perhaps, the only exception; 
but we have no reaſon to imagine, that this was at all 
concerned in the preſent caſe. There ſeems to be 
the more ground for believing this body was 
folid, at leaſt that its ſurface was fo, from finding, 
that, after the violent exploſion, it ſtill retained its 
form ; a circumſtance that could hardly take place, 
if the meteor had conſiſted of nothing but vapours. 
We may therefore preſume, that the burning matter 
found vent through a hard cruſt by certain apertures, 
which either might have been there inviſible, or un- 
obſerved. All I can ſay in ſupport of this conjecture 
is, that, by the Memoires of the Academy of Bo- 
logna, we find a meteor appeared in Italy in the year 

1719, lower in the air than that we have now been 
treating of, and in which, it is pretended, four 
ſeveral chaſms were diſtinguiſhed, each emitting 
ſmoke *. To theſe arguments for the ſolidity of this 
body, we may add its extreme velocity, and the in- 
tenſity of the light; which are likewiſe circumſtances 
more conformable to a heavy and ſolid ſubſtance, 
than to one formed of exhalations only. 
Upon the whole, I believe it will appear, that 
theſe relations are not favourable to the prevailing 
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* Apparebant in es hiatus ſeu voragines quatuar fumum exhalantes, 
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hypotheſis about the formation of ſuch bodies, which 
makes them to conſiſt of certain ſulphureous vapours 
ariſing from the earth: for, beſides what has been 
urged above, Dr. Halley has ſnewn, That, at the 
« height of 41 miles, the air is ſo rarified as to take 
e up 3ooo times the ſpace it occupies on the ſurface 
« of the earth; and that, at 53 miles high, it would 
tei be expanded above 30000 times: but thinks it is 
« probable, that the utmoſt power of its ſpring cannot 
« exert itſelf to ſo great an extenſion ; and that no 
e part of the atmoſphere reaches above 45 miles *. 
This being the caſe, how can we ſuppoſe any ſuch 
vapours to riſe to the height of 90 or 100 miles, 
where the air muſt be ſo many millions of times rarer 
than what we breathe? Again, we find that all 


. vapours, in their aſcent, mutually repel one other ; 


ſo little do they ſeem diſpoſed to run together into 
globes of ſuch a fize. But Dr. Halley obſerves (in 
treating of the great meteor of March 171g), © That 


tho the aqueous, and moſt of the other vapours, 


te are ſoon condenſed by cold; and wanting a certain 
te degree of ſpecific gravity in the air to buoy them 
« up, aſcend but to a ſmall height; yet he adds, 
in favour of the opinion of theſe bodies being formed 
of exhalations, That the inflammable ſulphureous 
« yapours, by an innate levity, have a fort of vis 
© centrifuga, and not only have no need of the air 
« to ſupport them, but, being agitated by heat, will 
« aſcend in vacuo Boileano. From hence he infers, 
« That the ſulphureous vapours, diſengaged from all 
© other particles, may riſe far above the reputed 


— 


* Phil, Tranſ. Ne 18 1. p. 104. Abridg. Vol. II. ch. 1. $ 9. 
ce limits 
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et limits of the atmoſphere; and contracting them- 
<« ſelves into a narrower compaſs, by that principle 
te of nature that congregates the homogenea, may lie 
e like a train of gunpowder in the æther, till catch- 
« ing fire by ſome internal ferment, the flame may 
te be communicated to its continued parts, and ſo 
* run on like a train fired,” &c *. But this Hypo- 
thefis of that excellent naturaliſt ſeems liable to the 
following difficulties. 1. What are the experiments 
which ſhew, that inflammable vapours have any ſort 
of a vis centrifuga ; or will rife either in an abſolute 
vacuum, or in a medium where the meteors are often 
found, and where, according to the doctor, the air 
muſt be five hundred times rarer than in a common 
exhauſted receiver +? 2. Altho* ſulphureous vapours 
may aſcend from the earth, upon being agitated by 
heat, will not that volatility ſoon ceaſe, by the cold- 
neſs of the air, long before they can arrive at the up- 
per regions? 3. Does not all matter, capable of 
taking flame, ſuppoſe a proportion of an acid falt, 
adherent to the phlogiſtic principle, and conſequently 
ſome gravitation? 4. And will not the weight be 
increaſed by the large quantity of condenſed air, or 
ſome other elaſtic fluid combined with the inflam- 
mable vapours, which is the cauſe of the exploſion 
and report? 5. Are we not led to this notion about 
the innate levity and vis centrifuga of igneous matter, 
from finding, that heat has a greater tendency upwards 
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than downwards ? but is not this owing to that por- 
tion of the air, which, receiving the heat, and being 
thereby dilated, becomes ſpecifically lighter than the 
reſt, and therefore riſes in the colder and more con- 
denſed atmoſphere? 6. Suppoſe attraction to take 
place, ſhould not thoſe vapours, by that law, aſſume 
a globular form, and not, like a train, contract in 
breadth, and extend in length? 7. What is to ſet 
this train on fire; ſince a ferment, according to the 
chemiſts, implies a mixture of heterogeneous 
contrary to the doQor's Hypot heſis? 8. How comes 
this train to be drawn out in ſo ſtreight a line, and 
of ſo equal a breadth, inſomuch that, in the path of 
the late meteor, for about 400 miles, there was no 
ſenſible deviation, nor any change in the magnitude of 
the luminous appearance, but what might be account- 
ed for from its greater or leſs diſtance from the ob- 
ſerver, or its being ſeen through a clearer or an ob- 
{curer atmoſphere ? 

Some have been of opinion, that theſe fiery 
meteors are only a kind of lightning, at greater 
heights than common; forming their notion upon 
the velocity of thoſe balls of fire, and upon the 
ſound accompanying them, ſo much reſembling that 
of thunder. But this hypotheſes having gained no cre- 
dit, I need not employ time in refuting it; and the 
leſs now, as the nature of lightning is ſo much better 
underſtood than when this theory was firſt publiſhed. 
I ſhall only obſerve, that before the matter of light- 
ning was diſcovered to be of the electrical kind, it was 
natural to ſuppoſe it to be formed of the ſulphureous 

vapours ariſing from the earth; and if the earth was 
found proper for producing ſuch exhalations, 4 
courſe 
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courſe it was judged capable of furniſhing materials 
for all the lucid phenomena in the æthereal regions. 
'Thus, not an hundred years ago, the comets them- 
ſelves were accounted for on no better principle; and 
therefore we are the leſs to wonder if theſe meteors 
have been hitherto almoſt conſtantly referred, even 
by the beſt naturaliſts, to the ſame origin, 

Of all the hypotheſes that have come to my know- 
lege on this ſubject, a hint of Dr. Halley's (in a paper 
preſented to the Society feveral years before the 
above-mentioned), ſeems beſt to agree with the late 
meteor ; viz. that ſuch bodies may be formed inde- 
pendent of any v s from the earth *. But, with 
regard to the reſt of his conjecture, that the one he 
© deſcribed, © might be a collection of matter formed in 
e the æther by ſome fortuitous concourſe of atoms; 
and that the earth had met with it newly formed, 
* and before it had conceived any great impetus of 
« defcent towards the ſun,” I ſay, with regard to 
theſe circumſtances, they are not at all ſupported by 
the preſent caſe: for, if we conſider the immenſe 
velocity with which the late meteor moved north- 
wards (and in judging of which we could not be de- 
- ceived by either the diurnal or annual motion of the 
earth), we muſt be convinced that the earth did not 
meet with it before it had conceived a conſiderable 
impetus of deſcent, either towards the ſun, or ſome 
other attracting power. Andaltho' there was likewiſe a 
motion of this body towards the earth, as appeared by 
the dipping of its path, yet it did not come quite down, 
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as might have been expected, had gravitation to the 
earth been the only principle concerned ; but it de- 
ſcended no lower than to a certain depth in the atmo- 
ſphere, after which it ſeems to have riſen again, and 
made a conſiderable progreſs in the higher regions; 
contrary to Dr. Halley's opinion about ſuch meteors, 
which, he believed, actually came to the ground *. 
And here I will venture to affirm, that, after peruſing 
all the accounts I could find of theſe phenomena, I 
have met with no well-vouched inſtance of ſuch an 
event: nor is it to be imagined but that, confidering 
the frequency of ſuch appearances, if theſe meteors 
had really fallen, there muſt have been long ago ſo 
ſtrong evidence of the fact, as to leave no room to 
doubt of it at preſent. Their deſcent, under the ho- 
rizon, is ſufficient to make the common obſervers 
believe they ſee them come to the ground, whilſt an 
exploſion, high up in the air, coming late to their 
ears, paſſes for the craſhing noiſe of the fall. Not that 
I call in queſtion the poſſibility of their touching the 
earth ; which they are likely to do as often as they 
move perpendicularly towards it, and not in that ob- 
lique direftion ſo often mentioned, and by which 
means, it ſhould ſeem, they are conſtantly reflected 
by our atmoſphere. All that I would conclude is, that 
hitherto we have had no certain proof of their fall ; 
and it is to be hoped, that their motions, like thoſe 


of the comets, have been ſo regulated at firſt by 


2 governing Power, that we have nothing to appre- 
hend from their aberration. Unleſs we ſhould ima- 
gine, that the perpendicular deſcent and burſting of 
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one of theſe bodies has given riſe to the ſtory of 
Phaeton ; ſince no other event will, perhaps, ſo well 
account for not only the foundation of that fable, but 
for a prevailing opinion among the ancients, that, 
beſides a large tract of country, even the heavens 
themſelves, in appearance, had once ſuffered by a 
conflagration. 

If it is then probable, that tlieſe balls of fire come 
from regions far beyond the reach of our vapours; 
if they approach often ſo near to the earth, and ſo 
ſeldom or never touch it; if they are moved with ſo 
much celerity, as in that reſpect to have the character 
of celeſtial bodies; if they are ſeen flying in all di- 
rections, and conſequently have a motion of their 
own, independent of that of our globe; if they part 


with ſuch quantities of an elaſtic fluid, a phlogiſtic 


matter, and probably an acid, ſurely we are not to 
conſider them as indifferent to us, much leſs as fortui- 
tous maſles, or trains of terreſtrial exhalations in the 
#thereal regions; but rather as bodies of a nobler ori- 
gin, poſſibly revolving about ſome center, formed and 
regulated by the Creator for wiſe and beneficent pur- 
poſes, even with regard to our atmoſphere ; which, 
during their combuſtion, they may ſupply with ſome 
ſubtile and ſalutary matter, or remove from it ſuch 


parts as begin to be ſuperfluous, or noxious to the 
inhabitants of the earth. 


Since theſe ſheets were printed off, Dr. Pringle received another let- 
ter from Sir Robert Pringle, acquainting him, he had not found that 
part of his intelligence hold good, of the ſhip-maſter's ſeeing the 
meteor (of the 26th of November 1758) in the Baltick; but, upon 
further inquiry, had learnt, that though this perſon had obſerved an 


appearance of the ſame kind in thoſe ſeas, it was not on the fame 
day. 
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Dr. Pringle thinks it likewiſe proper to inform the public, that, 
fince his paper was printed, he has received two further accounts of 
the meteor, one from Mr. Pringle, ſheriff-depute of the ſhire of Rox- 
burgh, the other from Mr. Garret, of Ifland-Bridge, near Dublin. 
Mr. Pringle ſays, ** that having, fince his laſt letter, drawn a more 
« accurate meridian, at the farmer's houſe at Ancram, he now finds, 
„ that the ſhepherd's houſe (mentioned p. 236 ) bears nearly S. E. by 
8. from the farmer's dweiling houſe; that the hill with the trees, 
% over which the meteor "ans to break (laid down in Fig. IV. as at 
« 92? 30 W. of the meridian), really bore W. by N. from the 
* obſerver ; and that the bearing of the luminous body, at the point 
« of its extinction, was nearly W. N. W. and not due N. W. as the 
« farmer at firſt imagined, who, upon this lat ſurvey, was convinced 
« of his miſtake.” Upon this communication, Dr. Pringle drew, 
on two different maps, a W. N. W. line from Ancram to the path of 
the meteor, and found, that in Elphinſton's map of Scotland, the 
interſection was a few miles to the eaſtward of Glaſgow, but in 
Kitchin's map a little to the weſtward of it. Ia conſequence of theſe 
laſt obſervations, the Doctor has fixed the point of extinction to the 
zenith of that city. But as Glaſgow lies about 76 miles to the ſouth- 
ward of Fort William, over which the meteor, in the preceding paper, 
was ſuppoſed to diſappear, the firſt courſe of that body is reduced to 
about 324 miles in thirteen ſeconds of time, and its velocity therefore 
to about 25 miles in one ſecond. Mr. Pringle has likewiſe acquainted 
the Doctor, that the farmer, on ſeeing the engraving of the 4th 
% figure (of which Mr, Pringle had received a copy), had found fault 
« with the ſize of the head of the meteor, as being too large in pro- 
« portion to the length of the whole; ſince, to his imagination, the 
« diameter of the head did not exceed 8 inches, and that the tail ſeemed 
« to be about 3 or 4 yards long.” 

Mr. Garret acquaints Dr. Pringle, © that, fince his firſt letter to the 
« Doctor, Emanuel Miller and he, having communicated their obſer- 
« yations to Mr. William Gibſon, mathematician, at Dublin, that 
„ gentleman had come to Iſland-Bridge, and having made a ſurvey 


« with his inſtruments, found, that the greateſt altitude of the meteor 
« was no more than 12 dezrees.” 


ErRrAT A. 
P. 240. /in. penult. for PQR U, the path of the tail broke of oV57 
the trees, read QRSU the path. E F the tail broke off 
In the plate, E F the breaking of the tail, ſhould not have been 
repreſented as directly over the trees, but a little more to the ſouth- 


ward, ſo as to bring the ball W (viz. the meteor at its extinction) 
perpendicularly over the ſaid trees. 
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XX vi l. Thoughts on the different I m We 


rion f Mineral W aters ; more particularly 
concerning the Exiſtence of Sulphur in ſome 


of them, by John Rutty, Doctor of Phyfic. 


Read Nov. 15, NASMUCH as the exiſtence of ſulphur 
"73% in waters hath been doubted, not only 
by Liſter and Hoffman, but by another author, that 
has lately appeared, to whom the public has been, 
in ſome meaſure, indebted for exploding ſulphur 
from ſome waters, on which it had been too liberally, 
and without the due evidence of experiment, attri- 
buted ; I have therefore thought it worth while to 
review, collect, and ſum up, the evidences of ſulphur 
in waters, in order to ſhew, not only that antiquity 
hath not altogether raſhly attributed ſulphur to wa- 
ters, but how far the exiſtence of that mineral is de- 
monſtrable to ſenſe in ſeveral, and more eſpecially 
the cold, waters of that denomination. 
> That the fetor of theſe waters is not owing to 
mere ſtagnation ; and that they poſſeſs ſomething 
more than what common water acquires by putrefac- 
tion, appears not only from Dr. Short's obſervation 
of ſome of theſe having a full and briſk current, but 
becauſe putrid rain-water, and many of our chalybeat 
waters, turned putrid by keeping, do not diſcolour 
metals, as theſe waters do. 

2. The effects of theſe waters, and their vapours, 
in diſcolouring metals, and their peculiar ſmell and 
flavour, like that of boiled eggs, and in the ſtronger 
like that of rotten eggs, * perfectly ſimilar to thoſe 

n 2 of 


| land, viz. thoſe of Swadlingbar, 


s a great alteration. in the colour of the precipitate 
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of the artificial ſolution of ſulphur, and its va- 
8. 
N Many of theſe waters, both foreign and domed- 
tic, are-found to contain the native alcaline falt, which 
is the menſtruum for, and has the ſame effect 


ne os vas 
in, diffolving fulphur, as the artificial alcalt; viz. not 


only the hot waters of Aix la Chapelle and Borſel, but 
the cold of Geronſterre; and, in England, thoſe of 
Chadlington, Nottington, Bilton, Quincamel, Sutton- 
bog, and Wiggleſworth ; and the following in Ire- 
Derryleſter, ELif- 
blenk, Afhwood, Anaduff, Aghaloo, 
and one lately diſcovered at Lucan near Dublin. 

4. Accordingly a milkineſs, or incipient one 
tion, ana to lac fulphuris, is produce 
ral of thefe waters, by dropping acids into them; par- 
ticularly in thoſe of Aix la Cha le, even according to to 
Dr. Loos s own teſtimony of the effects of diſtilled 
vinegar on it, and in that of Moffat in Scotland; of 
Harrigate; m our Swadlingbar water, and another of 
our ſprings of this fort in the C. Fermanagh : and 
to this add the white hairy mucus ordinarily precipi- 
tated on the ſticks, agar? m the — of theſe 
waters, analogous to a magiſtery of ſulph 

5. The ſulphur in waters is in a od bb atte- 
nuated, ſubtile, and fugitive, ſtate; inſomuch that, as 
Dr. Lucas obſerves of thoſe of Aix la Chapelle, there 


cauſed by ſolution of filver in that, which hath been 
immediately drawn from the ſource, and that which 
has lain by only twenty ſeconds, even in a bottle 


filled, and cloſe ſtopt; fo foon is it loft or diffipated : 


and moreover, it is alfo blended with other minerals; 
fo 
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fo that it is no wonder CR — 
A 1 ſulphur, and that ing appear- 
ar ＋ mineral ſhould often I partie 
— the above-mentioned teſt by acids, and the 
burning blue. | 
. That a real ſulphur, or bituminoſo- ſulphureous 

ſubſtance, is diflolves 3 in theſe waters, and ſubſiſts in 
ſome of their leſs volatile or more fixed parts, is evi- 
dient from the following appearances in the mud and 
fcum collected from ſeveral of them: for the mud of 
feveral of the cold waters I have called ſulphureous, 
as well as that of ſeveral hot baths in Germany and 
Hungary, mentioned by Browne in his Travels, is 
_ variegated with the ſeveral colours of yellow, green, 
and red, as the real ſulphur, and, in ſome experi- 
ments, burnt with a blue flame, and a ſulphure- 
ous ſmell; and the like evidences may be given of 
the ſu] phureons quality of the ſcum of divers of our 
cold waters, arly in that of Mechan, in the 
north of Ireland, which, being dried, exhibited on 
the upper fide a whitiſh = or cream - colour; 
but underneath a deep grafs-green, a pale, beautiful 
zold-colour, and a light reddiſn pink-colour, inter- 

ſperſed in a ſubſtance of a leaden blackiſh colour ; 
every colour excellent in its kind, and as flippery 25 
frogs ſpawn: varieties of colours, like thefe, being 
alſo found in the preparation of lac futphuris vari- 
oufly expoſed to a air. But, to come to more direct 
proofs, we are affured, in Short's firſt volume of his 
Hiſtory of mineral waters, as to the cold waters of 
Harrigate, that both the mud and ſcum burnt with a 
blue flame, and ſmelt ſtrong of ſulphur ; and that 
great * of yellow ſublimed flowers of ful _y 
ave 
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have been found under the baſons of that well. And 


Dr. Peter Shaw | that real brimiſtone, even 
found to be ſo by proper trials, hath been ſeen float- 
ing in the water like feathers, and ſeparable by bare 
ſtraining: and to all this the obſervation I haye 
frequently made on ſeveral of theſe cold waters, viz. 
certain light purple-coloured pellicles are frequently 
found floating in them, which, being dried, ſparkle, 
flame, and ſtink, on the red-hot i iron. But, to con- 
clude, the operation and effects of ſeveral of theſe 
our cold waters, altogether ſimilar to thoſe of ſul- 
phur, abundantly confirm their im pregnation with 
that mineral. 

Thus it appears, that ſulphur is not confined to the 
hot baths of Aix la Chapelle, and a few more abroad, 
but is found alſo in the cold waters of both England 
and Ireland ; and as theſe have, of late years, been 
ſubjected to a minute examination, I ſhall ſubjoin a 
brief compariſon between the one and the other from 
experiment and obſervation ; thus, 

1. Is the ſmell of the waters of Aix la Chapelle 
like that of the waſhings of a foul gun, or like that 
of the ſolution of ſalphur in an alcaline lye? So is 
that of our cold waters called ſulphureous. | 

2. Do Aix la Chapelle waters, taken from their 
ſource, turn filver of a gold-colour, and blackiſh; and 
with its ſolution, and that of ſugar of lead, exhibit 
a dark-coloured preci jpitation ; ? So do our waters 
called ſulphureous. 

3. Does Aix la Chapelle water, on dropping di- 
ſtilled vinegar into it, exhibit a milkineſs, analogous 
to lac ſulphuris ? So divers of the cold waters above- 
mentioned do alſo exhibit a white cloud with other 


acids. 
4. No 
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4. Do the waters of Aix la Chapelle 


and Borſel 
contain an alcaline falt? So do many of our cold 
waters above enumer ate. 
J. Is ſilver, borne in the pockets during a courſe 
of Aix la Chapelle waters, tarniſhed ? The like ef- 
fect hath been obſerved in ſeveral of our cold wa- 
6. Do the waters of Aix la Chapelle yield flowers 
of ſulphur? and do ſome of the ſprings of Borſel pre- 
cipitate a magiſtery of ſulphur? The like hath been 
obſerved in ſome of our cold waters above enume- 
y. Are the 
efficacy 


baths of Air la Chapelle of known 
in the cure of the itch, impetigo, vitiligo, and 


appears from the ſignal ſucceſſes, which have attended 
their uſe, even in ſome of the moſt inveterate and 
rebellious diforders of this kind. 

ls there any raſhneſs then in concluding, that theſe 
our cold waters do alſo contain ſulphur ſubſtantially 
diſſolved in them, and differ from the hot ones of 
Aix la Chapelle and Borſel in nothing but heat, and 
the different proportions of impregnating minerals of 
the ſame par? ? 3 | 

Hence appears the great uſefulnefs of examining 
mineral waters in concert ; for as various accidental 
circumſtances give occaſion to different appearances, 
the examination of a competent number and variety 
of them, helps to ſupply the defects in the hiſtories 
of ſome of them. And, if this were further proſe- 
cuted, I doubt not but ſulphur in ſubſtance might 
be obtained from ſeveral of them, as well as from 


Aix; which is therefore recommended to phyſicians 
and naturaliſts, 


So 


ulcers ? So are the cold waters above enumerated, as 


C 


80. * | _— — co ſuch waters, 
wherein ſulphur is the p — nating ingredient; but 
there are = wa there are 4 indications 
of its preſence in a ſmaller proportion, and mixed 
with other minerals; and indeed, perhaps, few waters 
are without an admixture' of it; for; beſide feveral 
plain waters, eſpecially ſuch as contain the native 
alcali, and the purging waters, ſea - vater, the brine- 
ſprings, and the chalybeate waters, all which mani- 
felt a fetor by putrefaction, and ſome of them there- 
upon the like diſcolourations of metals as the ſulphu- 
reous waters, the chalybeate waters, in particular, 
manifeſt a ſulphureous admixture, by the cream, 
which they throw up to the ſurface, various co- 
lours whereof, and its diſcolouring metals, are marks 
There are, moreover, ſevetal other waters, even 
ſome of thoſe, which otherwiſe make the neareſt ap- 
proach to pure element, having very little ſalts or 
earth, which I have mentioned in the beginning of 
this work, which alſo give ſtrong ſuſpicions of ſome 
degree of a ſulphureous impregnation, by the purple 
and black ſediments precipitated from them by ſo- 
lution of filver ; which are eminently confirmed by 
à late examination of the celebrated Holy wells at 
Malvern, publiſhed in the 5oth volume of the Tranſ- 
actions, and there extolled for many cures; which, 
altho' they do not yield quite a grain of ſolid contents 
from a pint upon evaporation, give three evidences of 
ſulphur. Pi <4 
1. The purple powder precipitated from them b 
ſolution of hs. 2. In Jars the water lowly 
in a filver veſſel, the bottom of the veſſel was tinged 
8 of 
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of a * ellow colour, as if it had been gilded. 3. 
When exhaled almoſt to a dryneſs, it emitted vapours 
of the ſmell of burning brimſtone. 
And laſtly, beſides all theſe, I have frequently re- 
marked of ſeveral other waters, here and there men- 
tioned in this work, that their ſediments, obtained by 
evaporation, did manifeſt ſome pittance of this mine- 
ral, by the fetor they acquired on being rubbed with 
ſalt of Tartar; ; which, in the language of our author 
above-mentioned, being attracted by the acid, the 
phlogiſton is let looſe. 

I have above recommended the farther inveſtiga- 
tion of ſulphur as a defideratum in the hiſtory of mi- 
neral waters ; and ſhall now beg leave to conclude 
this paper with the mention of two or three more 
articles, which greatly want further elucidation. 

The firſt is alum, which, although hitherto found 
but in extremely few waters, and chiefly in thoſe of 
Nevil Holt, Ballycaſtle acid water, and perhaps in the 
Hartfell water in Scotland, above-mentioned, accord- 
ing to ſome late experiments; yet the genuine 
tals of alum have not as yet been ſatisfactorily de- 
monſtrated in any of theſe. 

The ſecond is the volatile mineral alcali, which 
the nitre of the ancients contained; and ſome of our 
mineral waters here and there give ſtrong ſuſpicions 
of, by the experiments with a mixture of quick-lime, 

and of the ſolution of mercury ſublimate corrofive : 


but this matter greatly merits farther inquiry, .and 
ſeveral difficulties attending it remain neceſſary to be 
explained. 


Thirdly, the hint lately given in the 49th Vol. 


Part. II. of the Tranſactions, of the efficacy of the 
Vor. LI. ” Oo Ca- 
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Carolſbadt water, as ſuperior to Iime- water, in diſ- 
ſolving ſtones out of the body, if confirmed by cor- 
reſpondent events in the internal uſe, would be a diſ- 
covery of the greateſt moment, and highly deſerves 
to be proſecuted. 

I ſhall only obſerve here, that the principal mine- 
rals impregnating it are a native alcaline falt, and a 
calcarious earth; and that the Aix la Chapelle waters 

are not without ſuch a ſalt and earth alſo, and, which 

is of more moment, they are reported, by long tak- 
ing, to render the urine alcaline, even as do the Ca- 
rolſbadt waters; and we are alſo told, that calculi, 
macerated twenty-four hours in the water of Aix 1a 
Chapelle, have been reduced to a ſand, or ſoft con- 
ſiſtence: but how far this laſt, the Selters, the Bourne 
waters, or our Tilbury water, or others alike impreg- 
nated, may participate of a like virtue, muſt be de- 
termined by further obſervation and experience. 

Dublin, the 24th 3d mo. 1759. 
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XXIX. An Account of the Effects of a 
© Storm of Thunder and Lightning at Rick- 
manſworth, in Hertfordſhire, on the 1 62h 
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| of July, 1759: In @ Letter from Mrs. 
1 Anne Whitfeld. Communicated by Mr. 
| 14 SIR, ' Rickmerſworth, OR. 22. 1759. 

i * 155 ſon not being at home, I have 


1 taken upon me to comply with 
your requeſt, in giving you an account of the damages 
we 


8 
we ſuſtained by the thunder and lightning on the 
16th of July laſt. It was about a quarter after eight 
in the morning, when I had but juſt got out of the 
window where I had been fitting, and which is in 
the weſt fide of the houſe, and was not got half-way 
croſs the parlour, before aviolent ſtorm of thunder and 
lightning burſt in at one of the ſaſhes, and broke five 
large panes, and tore down the ſhutter, and ſhivered 
the window-ſeat, that the ſplinters paſſed by me to 
the farther end of the room ; and one fide of me was 
covered with the glaſs: one pane alſo was broke to 
pieces where I had been fitting. I had the mortifica- 
tion to ſtand ſo near the window, as to ſee all the tiles 
and a chimney ſhoot off from the houſe, as if ſhot out 
of a ſkuttle : the noiſe was fo great, that at firſt I 
apprehended the drum of my ears broke, and it was 
ſome time before I was able hear at all, and ſome 
hours before I perfectly recovered my hearing. The 
ſulphureous ſmell was fo great, I cannot defcribe it, 
and the heat I felt on my cheek and head not to be 
conceived, without the ſame being felt. When it 
had ceaſed, I was going out at the door, and was met 
by my daughter, with her comb-tray under her arm, 
and ſplit ; who in a mournful tone ſaid, Mamma, I 
am almoſt killed. On her telling me it had broke 
into her room, I immediately went up: I two or 
three times attempted going into her chamber before 
I could venture, and then not without covering my 
face with a thin apron I had on ; the ſulphur-ſmoke 
and duſt being ſo great, that I was almoſt ſuffocated, 
beſides it being ſo darkened by it that I could not fee 
the window, which I felt out, and ſet open. When 
the duſt and ſmoke had a little ſubſided, how deplo- 

Ooz rable 
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rable was the fight to me, and ſeveral of our neigh- 
bours! who by that time were come in. To give you 
ſome faint idea of it, tho' beyond my deſcription, it 
had burſt into one fide of — room, where there had 
formerly been a window, now blocked up, but the 
iron- bars left ſtanding, which were all forced down, 
and a very large hole made through the bricks, and the 
timber ſplit, a ſplinter being carried croſs the room, 
and ſtuck into the lead of a ſmall window, that gave 
light to a paſſage; the bed driven at leaſt two foot 
from its place ; the rail the vallance were nailed to 
ſplit in ſunder; all the vallance were unnailed, and 
the rings torn off from the curtains, and ſome of the 
teſter torn; the locks of a bureau and corner-cup- 
board forced open, with the bolts ſtanding upright ; 
ſome pictures were broken, and a little India cabinet 
broken to pieces, and almoſt every thing that was in 
the drawers of it: there was a ſmall ſtand, with a waſh- 
hands baſin on it, and a decanter of water cloſe to it; 
the baſin was broken to pieces, and the decanter not 
hurt: the window was ſhattered to pieces, and the 
hangings of one fide the room torn. My daughter was 
in the room at this time, and not hart, any more 
than forced againſt the bed-poſt, ſuffocated with ſul- 
phur, and almoſt deaf as I was: it was thought her 
comb-tray preſerved her arm, by keeping it hollow 
from her waiſt, as that was ſplit, as if knocked in on 
one fide with a hammer; and the door, very fortu- 
nately being open, gave ſome air,which otherwiſe could 
not be had, as there was no chimney in her room, 
and, as ſhe ſaid, aſſiſted her in making her eſcape 
=; tife ſooner ; for ſhe only felt out the door; ſo that, had 

1 it been faſtened, as it was two or three minutes before 
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this happened, ſhe would have been ſuffocated be- 
fore ſhe could have got out: a memorable providence 
of the Almighty! which ſhe and I ought always to 
be thankful for. I then went into the next chamber 
on one fide of hers, where the chimney had fallen 
from, that lay open to the air: a large ſtone round 
the chimney, inſtead of marble, hung dropping, 
which was forced to be taken down by two or three 
men, to prevent its breaking the marble hearth : 


the chimney-board and a braſs hearth broken to 


pieces, as was the wainſcot over the chimney : fix 
panes of the ſaſh-window were broken. I then re- 
turned from viewing the miſchief done up-ſtairs, and 
went into the garden; the door into it had a large 
piece of ſtrong, ſound oak ſplit off, and carried away: 
a ſtone fixed into the gravel, to receive the water 
from the ſpouts, was thrown upon its edge, and 
ſmoaked like a boiling pot, occaſioned, I ſup- 
poſe, from being wet with the rain, that had fallen a 
little before the thunder-clap, that did this damage: 
about ten yards from this ſtone, the gravel was torn 


up as if with a plough- ſnare. A little garden, that 


had two gates oppoſite each other ; the one, in the 
ſame weſt front as the houſe, was ſplit to pieces; and 
the leaden ſpout, that went down the fide of the gate, 


was beat flat, and the ground round it thrown up: the 


other gate had its eell torn quite up: the lead over the 
door and windows of that ſide of the houſe rolled up 
like a ſheet; and, what is more amazing, the cham- 
ber, over the parlour that was ſo much damaged, 


hurt; yet the two beyond it received ſo much damage 


as I have before related; and none of the rooms under 
the aforeſaid chambers were in the leaſt hurt. Theſe, 


Sir, 
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Sir, are the particulars of that day's misfortunes ; but 
there were ſome more trifling damages, too much for 
this preſent time to admit me to recount: and this 
account you may depend on as authentic, as more 
than an hundred people can teſtify, that flocked in 
on that, and for ſeveral days after, to view. If this 
is any-wiſe ſatisfactory to you, it will give great plea- 
ſure to, | 


S I R, 
Your humble ſervant, 


Anne Whitfeld. 


XXX. An Account of ſome extraordinary 
Effefts of Lightning, in a Letter to Dr. 
Gowin Knight : By Mr. William Moun- 
taine, F. R. S. 


Dear Sir, 

Read Nov. 22, HE following account of the effects 
2 of lightning, in my neighbourhood, 

I have drawn up for your peruſal; and, if it meets 
with your approbation, be pleaſed to communicate 
the ſame to the Royal Society, or diſpoſe of it in any 
other manner, as you ſhall think proper. | 
During the morning of July the 16th laſt, was 
much thunder and lightning: about eight o'clock. 
was heard an extraordinary loud crack, which ſeemed 
to me very near, as the large flaſh and ſound were 
almoſt coincident. In a few minutes, there was an 
alarm, 


F 
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alarm, that an houſe was on fire in Goat-flreet. 1 
readily ſuſpected the cauſe, and ſoon after went to 


the place, in order to inquire into particulars, and 
was informed, that three houſes were damaged in 
that place. 

The firſt houſe I entered into was inhabited by 
Mr. William Loft, a cuſtom-houſe waterman, which 
was almoſt untiled on the weſt fide, and being of 
timber, was very much ſplit and ſhattered : ſome of 
the weather-boards were thrown outwards to the 
bottom of the garden, to the diftance of about thirty 
feet from the houſe, and the windows were forced 
inwards; but no damage was done to this houſe by 
fire. 

It may not be amiſs to mention, that ſeveral ſmall 
pieces of glaſs, in the leaded windows, were impel- 
led with ſuch force, as to ſtick very faft in a door 
which was oppoſite, and in the hard plaiſtered parti- 
tion; ſome of which I drew out of both, which, 
together with ſome bits of melted window-lead, you 
will find in the box Nꝰ 1. 

The ſecond houſe, that I examined, was that of 
Mr. Arthur Tawke, a ſail- maker, on the oppoſite 
fide of the ſtreet, to the eaſtward. This was the 
houſe ſaid to have been on fire ; and here I found the 
following accidents and effects; viz. the window- 
ſhutters of the back parlour, on the eaſt ſide, were 
ſhattered, and moſt of the bell-wire in this room 
melted; its track on the wainſcot much ſcorched, 
but more ſo at the cranks: a hole was burnt in a 
copper-plate print, which hung under the wire; and, 
along the ſame fide of the room, ſeveral ruſh-bot- 
tomed chairs were burnt in ſpecks and holes of dif- 

ferent 
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ferent forms and fizes : the floor had the like marks 
of burning, more eſpecially under the courſe of the 
wire: on the projections of the wainſcot, I found ſe- 
veral granulations, and longer pieces of the wire, ſome 
of which were bedded in burnt cavities. A few of 
theſe, taken out by hand, I examined ; but could not 
find, that they were impregnated with any magnetic 
quality. 

I afterwards employed magnets in ſearch of the 
iron particles, which were found in the crevices of 
the wainſcot, ſeams of the floor, and in the bottoms 
of the chairs, &c. which you will meet with in the 
box No 2. ä 

The ſervant maid was ſtanding in the door-way, 
between this room and the fore parlour, when the 
ſtroke happened, and gives this very ſimple deſcri- 
ption of what ſhe ſaw; viz. that the appearance 
& in the room was like a ſhower of fire.” — The di- 
ſperſion and fall of the red-hot particles of the melted 
wire would make ſuch a repreſentation very natural. 

In the fore- chamber, up one pair of ſtairs, which 
lies to the weſt, Mrs. Tawke was in bed, having 
lately laid-in : the flaſh alarmed her much; but, hav- 
ing recovered from the fright, ſhe perceived a ſul- 
phureous ſuffocating ſmell.—By her direction, a dark 
cloſet near the bed · ſide was examined, and found full 
of ſmoke and flames, which were ſoon extinguiſhed. 
Hence aroſe the before-mentioned report of an houſe 
being on fire. 

In this cloſet, I found the bell-wire, coming from 
the parlour below, to be intirely melted, or diſperſed, 
but the effect ceaſed at the crank, which tranſmitted it 


to the chamber adjoining, where it remained intire. 
A 
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A pair of ftriped cotton trowſers, at the diſtance of 
4 or 5 feet from any part of the wire, were burnt 
almoſt to tinder, a piece of which is here preſerved 
in the box No 5. 

An old wig- box was burnt in part: a ſheet was 
burnt through ſeveral folds, in large holes, and alſo 
a blanket; but the holes were ſmaller, tho' of dif- 
ferent ſizes : the velvet cape of a ſurtout coat, at a 
greater diſtance from the wire, was treated in like 
manner; tho the burnt ſpots were in general ſmaller. 
Hence it ſeems, as if the particles of the fuſed wire 
did not all drop perpendicular ; but that they were 
actuated by ſome impellent force, and that the ſmaller 
granulations were diffuſed to a greater diſtance ; and 
hence aroſe that appearance of the ſhower of fire 
before-mentioned : and in this I am ſomewhat the 
more confirmed by ſome of the facts hereafter de- 
ſcribed. Even ſome of the larger pieces were thrown 
to a great diſtance; for here I found a wire mark 
burnt in the floor not leſs than fix feet from any part 
of the ſuſpended wire, and, on comparing a piece, 
which the maid picked up in the faid place, with the 
ſaid mark, it appeared to be the ſame, which pro- 
duced that effect.— Vou will find i it, being the _ 
in the box No 3. 

A deal box, ſtanding on a cloaths-cheſt under the 
the wire, was burnt in ſpots even more remarkably 
than the floor, according to the figures and forms of 
the ſeveral pieces, particles, or granulations. In this 
cloſet I alſo employed the magnets, and collected 
from the crevices, corners, &c. a quantity of iron 
particles, which are contained in the box No 3. 
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The third houſe, inhabited by Mr. Robert Harris 
ſenior, corn- factor, lies at the north-eaſt corner of 
the ſame ſtreet, at the diſtance of about 4o yards. 
Here I found ſome damage done to the glaſſes and 
China ware in a cloſet contiguous to one of the bell- 


wires in a ground room: moſt of the wire in this 


room was melted ; and a piece of the deal moulding, 
nine inches long, covering the wire, and adjoining to 
the braſs thumb-piece, very near the ſaid cloſet, was 
ſplintered off, and ſtruck the ſervant maid in the face, 
as ſhe was entering the room, at about 14 feet di- 
ſtance. 

In ſome of the rooms in the ſecond ſtory, the 
wires were in part melted. In one room of the third 
ſtory the wire was intirely diſſipated; the wall 
ſcorched ; the whole plaiſtering over the door, ad- 
Joining to the bell, driven out in a body; the floor 
burnt; and the ſheets and quilt of a bed, near the 
bell-wire, ſcorched and fire-pitted in like manner as 
at Mr. Tawke's ; only the effects of the ignited par- 
ticles were not ſo general through this houſe, nor was 
any thing here abſolutely ſet on fire. 

I was afterwards informed, that tlio' all the wires 


were not deſtroyed, yet they had been obliged to re- 


new the whole ; for, when they came to be exa- 
mined, they were found ſo unpliable and brittle, as 
to be rendered quite uſeleſs. 

On the 28th of July I went again to Mr. Tawke's, 
who, being then at home, conducted me to a garret, 
which lies partly over the before- mentioned dark clo- 
ſet, from whence a bell-wire was directed to this 
room, by me unobſerved before; nor did the family 
very ſoon diſcover, that this wire was intirely melted, 
and the partition greatly ſcorched, * 

18 
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This room contained a large heap of oats, and an- 
other of beans, a foot-path, as it were, being reſerved 
next the partition, where the aſcending wire ran, 
which was covered with much duſt and ſtraggling 
grains of the corn.—Here again I employed the mag- 
nets, Mr. Tawke aſſiſting, and collected a conſider- 
able quantity of melted particles, not only from the 
floor, joints and projections of the ſkirting- board, but 
from the holes and chaſms in the broken plaiſtering, 
where-ever we could introduce the magnets, and 
that at the diſtance of 4 or 5 feet from the wire-place. 
Theſe you have in the box N* 4. 

Hence I ſuſpected, that granule might be found 
among the oats: we probed, but to no no purpoſe; 
the heap was too large, and had been moved, by 
fetching away what was wanted from time to time. 
However, we carried our inquiry to the bare floor, 
quite acroſs the heap, at 10 feet diſtance, and, in the 
joints or ſeams, found of very fine particles a ſuffi- 
cient quantity to prove, that they were violently dif- 
fuſed to a great diſtance. 

From theſe houſes the lightning ſeems to have 
tended towards the N. E. for in that direction, at the 
diſtance of about 200 yards, and not ſo far from my 
own houſe, Captain William Provoſt was ſtruck 
thereby, ſtanding in his own entry, and rendered 
almoſt ſenſeleſs and ſpeechleſs for ſome hours, and, 
for ſeveral days, was much afflicted with a ſtupor, 
giddineſs, and vomiting, and retained a conſtant and 
ſtrong taſte of ſulphur in his mouth and throat. His 
child had hold of his cloaths, and his wife was near 
him ; but the ſtroke appears to have been above the 
child, as it ſeems to have ſtruck him about the head. 
No other damage was done here. 

Pp 2 Mrs. 
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Mrs. Provoſt ſays, that the flaſh or fire ſeemed to 
be as large as a ſmall pewter plate, and paſſed clear 
through the entry (the doors being open) directed to 
the northward, . 


On the oppoſite fide of the ſtreet, and ſomewhat 
oblique towards the north-eaſt, at the diſtance of about 


20 yards, Mr. Ambroſe Lyon, ſail-maker, had, at 
the ſame time, about fix dozen of bottles of Port wine 
broken to pieces. 

The front of Mr. Lyon's houſe has nearly a ſouth- 
weſt aſpect: among other conveniences under-ground 
is a ſubſtantial arched brick vault, and capacious for 
a private houſe ; it is quite cloſe, having no light or 
opening into it, but at the door, which faces the 
ſouth, and is always kept locked. On the weſtern 
ſide of this vault were repoſited ſeveral caſks of wine, 
moſt of them iron-bound ; alſo ſeveral dozens of rum 
behind them upon the floor. On the northern end 
was a Circular tub or cooler, iron- bound with three 
hoops, containing Port wine in bottles. About ten feet 
from hence, on the eaſtern fide, nearer the door, and 
directly oppoſite thereto, ſtood by itſelf another large 
circular cooler, 32 inches diameter, and 12 inches 
deep, bound alſo with three iron hoops, containing 
about fix dozen of Portugal wine, called Barabarha, 
the remainder of a larger quantity, which he had kept 
in caſk for more than two years before it was bottled, 
in which laſt ſtate it had been for more than three 
months, and all proper care taken of it; for he is 
very curious in theſe things. Theſe bottles were in- 
clined upon their ſides, for their better preſervation, 
as were all the others containing wine; and this tub 


was fixed upon ſkids (pieces of timber) about ſix 
inches thick, | 


In 
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In half an hour, or leſs, after the great thunder- 
clap, having occaſion to go into the vault, upon his 
entrance, he immediately diſcovered the noiſe of a 
running drip, and liquor flowing about the floor, 
which, upon further inſpection, he found proceeded 
from the laſt-mentioned cooler, the bottles therein 
contained being broken to pieces, as if done by a mal- 
let, not ſo much as one remaining intire of the whole 
quantity ; and the cooler being not very tight, the 
wine was running out from thence ; but, by a quick 
application of ſuch veſſels as were at hand, the re- 
mainder was preſerved, and, after clearing it from 
the glaſs, was put into a ſmall caſk to recover, add- 
ing thereto about a one-third part of Port wine to fill 
up the veſſel, ſome of which I have taſted ; and a 
bottle, drawn from the faid caſk, I herewith ſend 
ou. 
. Mr. Lyon did not obſerve, at the ſame time, any 
kind of alteration in the ſaid wine made by ferment- 
ation, or otherwiſe; only that it was vapid or flat: 
one bottle of the ſaid wine was afterwards found 
among the bottles of Port in the firſt-mentioned 
cooler, which was not affected, but was fine, and in 
perfection; nor was any other damage done in the 
vault, that he could diſcover upon the ſtricteſt in- 
uiry. 
, Captain John Dickinſon, a gentleman in the neigh- 
bourhood, ſhared half the caſk of the faid wine, 
which had a fimilar management, was bottled off at 
the ſame time, and had a leſs cool and friendly vault; 


yet not one bottle of this has hitherto been in any- 
wiſe damaged, 
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T have been more particular in the examination of 
ſome of the foregoing facts, as they ſeem to contra- 
dict an opinion generally received, that the ſolution 


of metals by lightning is effected by a kind of cold 


fuſion ; for it appears very evident, that the melted 
iron-wire, in the ſeveral preceding caſes, had all the 
marks of heat and ignition, that uſually attend the fu- 
ſion of that metal, when brought about by common 
fire. I am, 


Dear Sir, 


Vour moſt obedient ſervant, 


Gainsford-ſtreet, Southwark, 


Septem. 28th, 1759. Wm. Mountaine. 


Some Remarks on the preceding Letter, by 
Gowin Knight, M. B. F. R. S. and Princi-- 
pal Librarian of the Britiſh Muſeum. 

Read Nov. * E facts, contained in Mr. Moun- 
759. taine's letter, are an evident proof, 

that the fuſion of metals by lightning is, ſometimes 

at leaſt, attended with heat and ignition, as in the 
caſe of common fuſion. And, ſince the reading of 
thoſe facts, I have been more and more induced to 
ſuſpect, that the received opinion of a cold fuſion is 

a vulgar error, tho too generally adopted, and of 

very long ftanding. From ſome of the circumſtances 

attending theſe facts, compared with what is to be 
found in authors relating to the ſame ſubject, I think 
it poſſible both to ſhew, whence this opinion firſt 


took its riſe, and how it became ſo general; and at 
the 


4 
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the ſame time to prove, that there is no clear evi- 
dence for the truth of it from any relations hitherto 
publiſhed. 

The inſtances, that are moſt generally given of cold 
fuſion, are two; that of a ſword being melted in its 
ſcabbard, and that of money being melted in a bag, 
both the ſcabbard and bag remaining unhurt. A great 
number of authors have mentioned both the facts, 
without giving their own teſtimony, or that of any 
one elſe, for the truth of them, or deſcribing any of 
the other concomitant circumſtances. However, it 
ſeems poſſible, that lightning might produce effects 
ſufficiently ſimilar to theſe, to give riſe to ſuch re- 
ports, without our being obliged to have recourſe to- 
a cold fuſion to account for them. 

If at any time the edge or external ſurface of a 
ſword had been melted, whilſt the main part of the 
blade remained intire, it would have afforded ſuffi- 
cient grounds to aſſert, in general terms, that the 
ſword was melted, and yet the ſcabbard might have 
remained unhurt; becauſe either the edge or ſurface 


of a ſword might be inſtantly melted by lightning, 


and cooled fo ſuddenly, as to make no impreſſion of 
burning on the ſcabbard. Metals, as well as other 
bodies, will both heat and cool ſooner, in proportion 
as they are thin and ſlender. Very ſmall wire will 
inſtantly become red-hot, and even melt, and run 
into a round globule, in the flame of a common can- 
dle; and it is no ſooner removed out of the flame; 
but it is as inſtantly cool. The edge of a ſword there- 
fore, or even its ſurface, might be inſtantly melted: 
by lightning, and being in contact, or rather till 
united to the reſt of the blade, which might be till 

cool, 
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cool, it would part with its heat too ſuddenly to pro- 
duce any appearance of burning. 
I was confirmed in this reaſoning, by examining 
the fragments and melted particles of wire ſent me by 
Mr. Mountaine. Amongſt them there appeared to 
be globules of various fizes, which had undergone 
very different degrees of fuſion : the largeſt of theſe 
had not been fluid enough to put on a ſpherical 
figure ; but they approached nearer thereto, in pro- 
portion as they were ſmaller : fo that in the ſmalleſt 
granulæ the fuſion was moſt perfect, the globules 
ing very round and ſmooth. Their fizes continued 
diminiſhing, till they became inviſible to the naked 
eye; and ſome of them, when viewed with a micro- 
ſcope, required a third or fourth magnifier to ſee them 
diſtinctly. 
Some of the bits of wire were rough and ſcaly, like 
burnt iron, and were ſwelled in thoſe places where 
they were beginning to melt: others continued ſtrait, 
and of an equable thickneſs; but their outward ſur- 
face ſeemed to have undergone a perfect fuſion, ſo 
that there were two or more pieces adhering together, 
as if joined by a thin ſolder. 
In Mr. Pitfold's account of the effects of lightning 
at Darking in Surry, publiſhed in the Philoſophical 
Tranſactions *, mention is made of a ſimilar fact. He 
ſays, © ſome ſmall tacks were ſoldered together, ſix, 
<< ſeven, eight, or ten in a clump, as if they had 
e had ſcalding metal run over them.” 
It is eaſy to conceive, how the heat of this ſuperfi- 
cial fuſion might be ſo ſuddenly diffuſed throughout 


# Philoſ. Tranſ. Vol. XLLX. p. 311. 
the 
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the metal it ſurrounded, which the lightning might 
not have heated, as inſtantly to have reduced the 
whole to too cool a ſtate, for any other contiguous 
body to be burnt thereby. 


In like manner, a ſtream of lightning paſſing thro! 


a bag of money, might fuſe the ſurfaces of ſuch 
pieces as lay in its way, and folder a number of them 
together; and yet the bag remain unhurt. | 

An accident or two of this kind may have come, 
by tradition, to the knowlege of ſome of the firſt col- 
lectors of marvellous facts, and from them be tran- 
ſcribed by others, perhaps with additions and im- 
provements. Thus, according to Pliny “, both gold, 
ſilver, and braſs, have been melted in bags ſealed up, 
which were not in the leaſt burnt, nor was the wax 
of the ſeals melted : whereas Seneca F ſpeaks: only 
of ſilver being melted in the pocket or purſe, which 
remained whole and unhurt. Later writers ſeem to 


have copied from one of theſe for the moſt part, with- 


out mentioning their authority. 

In the Philoſophical Tranſactions are two or three 
relations, which ſeem, at firſt, to favour a cold fuſion; 
but, when duly confidered, prove nothing conclu- 
fively. The firſt is in a paper concerning the effects 
of lightning at Colcheſter, on July 16, 1708; which 
concludes with obſerving, that, during the ſame 
ce ſtorm, four perſons were killed in a boat, that was 
*« going from Harwich to Ipſwich ; and that, in one 
e of their pockets, a watch and chair. was melted all 
* on a lump.” In another account, given by Or- 


Mi 


* Plin. Nat. HiR, lib. ii. c. 51. 
+ Seneca, Nat. Queſt. I. ii. c. 32. 
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lando Bridgman, Eſq; deſcribing the ſame ſtorm, it 
is ſaid, that the chain of the watch was melted, 
©« and that no harm or burn could be perceived on 
© his breeches or cloaths.” Now, if both the watch 
and chain were melted all on a lump, and the pocket 
unburnt, as might be concluded from both theſe 
accounts laid together, it would be a ſtrong argument 
in favour of cold fuſion : but there is great reaſon to 
ſuſpect the truth of the firſt-mentioned relation; be- 
cauſe the author of it writes only from hearſay, being 
himſelf at Colcheſter, at ſeveral miles diſtance from 
where the thing happened. Whereas Mr. Bridgman 
was upon the ſpot, and examined one of the dead 
bodies himſelf very minutely ; and tho' he does not 
ſay, that he ſaw the body of him, whoſe watch- 
chain was melted, yet he gives a very circumſtantial 
account of it ; and, if the watch had been melted, as 
well as the chain, he could not have omitted that 
particular. It is therefore probable, that the chain 
only was melted, and that, hanging out of the pocket, 
it had left no marks of burning on the breeches. 

We have, in our Tranſactions, another account of 
the effects of lightning by Dr. Cookſon, of Wake- 
field +, who relates, That the lightning fell on a 
e box of knives and forks, and melted a great many 
of them, the ſheaths being untouched.” But 
the doctor, in another account, which is fuller and 
more exact, ſays, *©* the lightning diſperſed a great 
© many dozen of knives and forks, which were put up 
« in a box, all over the room. Upon gathering them 


— — 


— 


* Philoſ. Tranf. Abr. Vol. V. p. 154. 
+ Ibid. Vol. VIII. p. 504. 
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© up, ſome of them were melted ; others ſnapped in 


& ſunder; others had their hafts burnt; others their 
te ſheaths either ſinged or burnt ; others not.” From 
all which circumſtances, duly conſidered, I think no- 


thing certain in favour of cold fuſion can be fairly 
drawn. 


— 


— 


. . 


XXXI. An Account of a Meteor ſeen at 
Shefford, in Berkſhire, on Saturday, Octo- 


ber 207th, 1759; with ſome Obſervations 


on the Weather of the preceding M inter: 
In a Letter to Thomas Birch, D. D. Sec. 
R. S. from Richard Forſter, M. A. Rec- 
tor of Shefford. 


Reverend Sir, Sbefford, Octob. 3r, 1759. 


Read Nov. 8, N Saturday the 2oth inſtant, about 
1739. Six in the evening, a ball of fire 
fell nearly eaſt from this place. I did not ſee it my- 
ſelf. My ſervant (who is a very ſober, honeſt fel- 
low) ſays it was nearly of the ſame fize with the 
moon, and full as bright as ſhe ever ſhines : its mo- 
tion was very ſwift, and, as far as he could judge 
(for it was out in a moment) quite downright, i. e. 
perpendicular to the horizon. 
And now my hand is in, I cannot forbear acquaint- 
ing you with an obſervation I have made, which bids 
fair to overſet a maxim pretty ſtrongly eſtabliſhed in 


the world, as not being only believed and depended 


on by the yulgar and middling people, but mentioned 
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as fuch, I think, by feveral authors, In ſhort, the 
maxim is this; viz. that a plentiful year of maſt is 
an infallible prognoſtic of an hard or ſevere winter, 
Now, it happened laſt year, that proviſions of this ſort 
were as plentiful as ever was known ; tha trees and 
hedges being loaded in fuch a manner, as to bend and 
break under the preſſure of their own weight: and 
yet the winter was the mildeſt, perhaps, that ever 
happened in this country : and accordingly not one 
quarter of nature's ſtore was conſumed. We had no 
ice, but once, and that not the thickneſs of an half 
crown, which did not continue 24 hours. I ſee by 
Cuff s tables, publiſhed in a monthly paper, that, in 
London, the thermometer was never below 32; and 
ſo low as this but twice, and then only by ſtarts. I 
had ranunculus's in full bloom from the middle of 
December to the middle of February, and they not 
ſheltered, but by a wall north, 25 eaft. In the 
middle of January, I had felf-fowed marigolds and 
violets in bloom. Jan. 15, the bees roared, and were 
as buſy as they are in the height of the working ſea- 
fon ; and Jan. 18, the birds ſung as chearfully as they 
generally do in May. 

It ſeems probable to me, that the great abundance 
of berries and wild fruits (by which I mean maſt) is 
intirely owing to a very backward ſpring ; for, when 
the bloſſoms do not open till pretty late in May, they 
are ſecure from thoſe inclement blaſts, which, when 
they urifold themſelves ſooner, do pinch and blight 
the greateſt part of them. I am, 

Reverend Sir, 
Your affectionate brother, 
and moſt obliged humble ſervant, 


Richard Forſter. 
XXXII. Arn 
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XXXII. An Account of the ſame Meteor, 
ſeen at Bath: In a Letter to Tho. Birch, 


D. D. Sec. R. S. from Mr. Johah Cole- 
brooke, F. R. 5. 0 


Dear Sir, 


Read Nov. 15, IN compliance with the preſident's de- 
"INE fire, the following is the account of 
the meteor ſeen at Bath. 
On Saturday the 2oth of October, between five 
and fix in the afternoon, as I walked over the north 
parade,'a ball of fire, of the bigneſs of a tennis ball, of 
a very bright colour, with a train of four or five feet 
in length, darted from the north-weſt, and, deſcrib- 
ing the arch of a great circle on my left hand, ſunk 
behind the hills to the ſouth-eaſt : juſt before it ſunk, 
ſeveral large ſparks of bright blue fire iſſued from it; 
but it did not ſeem to burſt: it was not more than 
two ſeconds in its paſſage, and I could compare it to 
nothing, but the moſt glorious ſky rocket J had ever 
ſeen. 
Mr. Peers, a gentleman of London, was at Bath 
at the ſame time, and being in a room fronting the 
eaſt, that looked over the meadow between Bath and 
Bathwick, he told me, with ſome ſurprize, the next 
day, that he ſaw the largeſt ſtar he had ever ſeen, 
fall into the meadow; and, what was moſt particu- 
lar, that it fell perpendicularly ; whereas all he had 
ever ſeen before ſhot obliquely in the ſky. 
This muſt have been a ſpark from this meteor, as 


the time he ſaw the ſtar agreed with the time I ſaw 
the ball of fire. 
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I do not remember, that I heard any noiſe or whiz- 


zing in the air as it paſſed ; nor did any ſulphureous 
ſmell attend it, that I could perceive. 


I looked on my watch immediately after it was 


gone by, and found by that, it was juſt twenty mi- 
nutes paſt five; but, as I could not be ſure that went 
right, I choſe to mention the time in more general 
terms. | 


by vaſt numbers of people, and much 


It was ſeen 


talked of the next day. 


I am, dear Sir, with much eſteem, 
Your very humble ſervant, 


Joſiah Colebrooke. 


— 


XXXIII. An Account of the Meteor ſeen at 

Chigwell Row, in Eſſex, on the 20th of 
October 1759: In a Letter to the Rev. 
Dr. Birch, Secretary of the Royal Society, 
from Mr. William Dutton, Watchmaler 
in Fleet-ſtreet. 


b SIR, Fleet-ſtreet, Dec. 1, 1759. 
Read Dec. 6, IN compliance with Dr. Pringle's requeſt, 
1759 I ſend you the following account of the 


meteor, which I ſaw ſome time ago, viz. on Satur- 


day, Octob. 2oth, about a quarter before fix in the 
evening, whilſt there was ſtill ſome day-light, tho' 
ſeveral ſtars had begun to appear. 

At that time I happened to be walking with my 
face eaſtward, with a companion, at Chigwell Row, 
8 in 


[ 303 ] 
in Eſſex (which lies about 12 miles eaſt of London, 


and upon a pretty high hill), when we obſerved a 
meteor bearing northward of the eaſt, in appearance 


not high up in the air, tho' with a conſiderable angle 


of elevation, perhaps of about 70 or 80 degrees, with 
its — tran the zenith eaſtwards. 11 
with velocity, in a direction from north to 
ſouth, and ſeemingly in a curve line downwards; but 
vaniſhed at the height of 4 or 5 degrees above the 


horizon, then bearing nearly ſouth of us. It was of 


a round form, about the ſize of the planet Venus, 
when ſeen at the largeſt, of a light bluiſh caſt, but 
very bright. At its vaniſhing, ſeveral particles, ſtill 
brighter than itſelf, and ſomewhat like the ſtars, that 
are ſeen upon the breaking of a rocket, ſeemed to 
iſſue out of it. We perceived a faint light to follow 
it, like the tail of a comet, and about two feet in 
length. The whole time of the appearance did not 
exceed 3 or 4 ſeconds. This is the beſt account I 
can give of what I ſaw ; and my companion, to whom 
I have ſhewn this letter, agrees with me in all theſe 
circumſtances. I am, 


SIR, 
Your very humble ſervant, 


Wm. Dutton, 
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XXXIV. . Account of Tuo Stones of Ye = 


markable Shapes and Sizes, which, for the 
Space of Six Years, were firmly lodged in 
the Urethra of a young Man, and at length 
ſucceſsfully cut out from thence. Addreſſed 
zo the Royal Society, on Thurſday Decem- 
ber 13, 1759, at which Meeting the Stones 
themſelves, and à Drawing of the Stones, 
were preſented to the Fellows of the Society, 
by Joſeph Warner, F. R. S. and Surgeon 
zo Guy's Hoſpital. 


Read Dec. 13,7 HE formation and confinement of 

1759: ſtony concretions in the different 
parts of the organs of urine, to wit, in the kidneys, 
ureters, bladder, and urethra, are diſeaſes, which are 
frequently obſerved to happen to both ſexes of all ages 
and conſtitutions: for this reaſon I am. appriſed, that 
there are few inſtances can be given of ſuch peculia- 
rities attending theſe caſes, as may reaſonably be 
eſteemed worthy the attention of the curious. But 
when matters of fact, however common in them - 
ſelves, are ſo circumſtanced, as to aſſume extraordi- 
nary appearances, the uncommon phenomena accom- 
panying ſuch facts, when capable of being pointed 
out, will, I believe, be always confidered by the 
Royal Society, as a ſufficient apology for the freedom 
of the communication. Upon this preſumption, I 


have taken the liberty of laying before the Fellows of 
this 


[ 30s ] 


this Society the following ſhort account, and, at 
the ſame time, of ſubmitting to their inſpection as 
much of the caſe, as the nature of the affair could ad- 
mit of being exhibited. 


+7 WH © 


Thomas Bingham, a very healthy young man, 20 
years old, came from Yarmouth to London, in Sep- 
tember 1759, and put himfelf under my care, to be 
cured of a ſwelling, which he had in his urethra. 
Upon queſtioning the patient, I was informed by 
him, that he had little or no pain ; that he had never 

rceived the leaſt difficulty in voiding his urine, not 
had he ever had the leaſt involuntary efflux of it : he 
had not at any time ſuffered in the leaft but from 
the bulk and weight of ſomething that grew in his 
urinary paſſage (urethra), which, upon exerciſe of 
late, proved troubleſome to him. Upon inſpection, 
I diſcovered a conſiderable prominence betwixt the 
teſticles and anus. Upon feeling with my 


8 
dent — and 


fingers, there appeared a very evi 
tumor. 

By introducing a large, ſmooth, and ductile, probe 
into the urethra, it was evident there was a ſtone or 
ſtones lodged in that paſſage. I adviſed the cutting 
the tumor out, which was complied with ; and in the 
following manner I proceeded to the performance of 
the tion. ; 

The 3 being fupinely placed upon a ſteady 
table, of a convenient height, covered with a double 
blanket, and a pillow put under his ſhoulders, I 
cauſed his hands and feet to be tied together; and, by 
proper aſſiſtants, he was held in the fame poſition as 

Vor. LI. Rr is 


- "T3 
is done in the operation of cutting for the ſtone in the 
urinary bladder. I then proceeded to divide the ure- 
thra longitudinally by inciſion- The extent of the 
inciſion was from one end of the ſwelling to the 
other : the length and fize of the wound enabled me 
to take away the ſtones without any violence or difh- - 
culty. 
| Afrer the ſtones were removed, I brought the lips 
of the wound together, and, with the twiſted ſuture, 
I retained them in that ſituation. By this method, 
and by occaſionally paſſing a bougie of a proper fize 
into the urethra, beyond the farther extent ofthe in- 
ciſion, the patient went happily on, till the cure of the 
wound was completed, which was effected in about 
three weeks; and there afterwards remained no incon- 
venience at all to the patient in-voiding or retaining 
f his urine, 


N. B. As the identical calculi are preſented to the 
Fellows of the Royal Society for their inſpection, 
ſo that the exact ſizes, ſhapes, and external forma- 
tions, of theſe ſtones may be ſeen; I think it quite 
unneceſſary to give a written account of theſe par- 
ticulars. However, as it may probably give ſome 
ſatisfaction to the curious to be informed of the ſpe- 
cific gravities of theſe ſtones, I have ſubjoined 
theſe particulars to this memoir, and have like- 
wiſe, for the ſame reaſon, cauſed an engraving of . 


theſe ſtones to be made, and added to this paper. 
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Weight in air. in water, | Spec. gravity, 
Large ſtone 308 5 92 85 1.431 
Small ſtone 42 35 10 41 1.326 
Both ſtones 3 50 8 102 9 1.4153 


Auscre. Is it not probable, that the generation of 
theſe ſtones might originally have begun in the ure- 
thra, as the patient did not ever. remember to have 
had the leaſt complaint in his loins, or in any part of 
his bladder? Or is it more reaſonable to ſuppoſe, 
that the ſtones were firſt of all formed in the kidney, 
or urinary bladder, from thence conveyed with the 
ſtream of urine, when very ſmall, and lodged in the 
urethra, till they had arrived to theſe ſizes ? A 
Either of theſe ſuppoſitions to me appears reaſon- 
_.: 
However, as hypotheſes of this kind are with dif- 
ficulty aſcertained, and as a diſcovery of the fact, 
could it be determinately made, would prove of very 
little conſequence to the improvement of the art of 
if , I think it quite unneceflary to dwell upon a 
—_ this ſubje&, in which the benefit of mankind 

appears to be ſo little concerned. : 


Plate VIII. Fig. 1. repreſents the upper parts of 
the two ſtones, as they were found lying looſely to- 
ether in the urethra. The longeſt end, that is, the 
ſmalleſt of theſe two ſtones, was ſituated neareſt to 
the neck of the bladder, or orign of the urethra. It 
may be obſerved, that, on the ſuperior part of theſe 
ſtones, there are two long grooves or chanels, which- 
were gradually formed by the ſtreams of urine, that 
were occaſionally diſcharged 5 the bladder. 
A2 It 
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It may farther be obſerved, that the whole ſur- 
faces of theſe two ſtones, except the parts of them 
where they lay in contact with each other, or where 
they continually preſſed upon the lower ſurface of the 
urethra, or bed, which they had formed for themſelves - 
in this chanel, are rough, and have ſeveral inequa- 
lities, or eminences arifing from them. 

Fig. 2. repreſents the inferior ſmooth parts of the 
two ftones, as. they appeared when ſeparated from 
each other, as well as the ſmooth or poliſhed ſurfaces 

of the ends of theſe ſtones, which lay in contact with 
each other, and upon motion rubbed againſt each 


other, 


* 


XXXV. Experiments on the Tourmalin : by 
Mr. Benjamin Wilſon, F. R. S. In a letter 
zo Dr. William Heberden, F. R. S. 

5 1.270 . Bk 


Read Dec. 6. Have the pleaſure. to communicate to 
* you ſome experiments made upon the 
Tourmalin, or Aſhſtone, which you were ſo kind as to 
procure me, together with ſome others, reſpecting the 
vitreous and reſinous electricities, as they are called, 
and the obſervations I have made thereupon. 
The more I am acquainted with electricity, the 
more I admire a wonderful fimplicity which ſeems 
to prevail in nature, at leaſt in this part which abounds 
with phænomena of a very curious kind; whereof . 
many that have paſſed under my examination of late 
are ſo extremely nice, that I avoid venturing to relate 
them, becauſe I would not willingly ſubject myſelf 


to the cenſure of incautious obſervers, 
4 I can- 
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I eannat enter into this particular ſubject, without 
firſt ſettling a diſpute amongſt electricians, which ſub- 
fiſts at this day, concerning the two electricities; be- 
cauſe ſome conſequences, drawn from the ſeveral ex- 
periments I have to produce, greatly depend upon it. 

Poliſhed glaſs, upon being rubbed properly, has 
been ſuppoſed to give an electricity to bodies, and 
thoſe bodies that receive it from the glaſs, are ſaid to 
be electrified plus. Whereas wax, amber, &c. upon 
being rubbed in the ſame manner, have on the con- 
trary been ſu 
bodies, and thoſe bodies which part with it are ſaid 
to be electrified minus. But no experiment, that I 


know of, has yet appeared to determine which of 
theſe electricities does really electrify plus, and which 


of them does really electrify minus ; though it hap- 


pens that the fact turns out juſt as they have all along 


{uppoſed. 


that I publiſhed in the year 1748, ſeveral experi- 


ments were produced, to ſhew that all bodies are ſur- 
rounded with a medium, which is of an exceeding 
elaſtic nature, and extends but to a very ſinall dif- 
tance from the body when it is not diſturbed by heat, 
or other cauſes. Since that, other experiments of the 


like kind have been publiſhed in a work, wherein 


my late worthy friend Dr. Hoadly was concerned 
with me. Among the proofs therein 2 is a cu- 

rricellian va- 
cuum, where the appearance was remarkably ſenſible. 
And what is more ſingular, that ſame appearance not 
only proves the exiſtence of a medium, at or on the ſur- 


face of bodies, but at the ſame time determines * . 
of 


rious one, which I obſerved in the To 


ſed to receive an electricity from 


| 
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In a ſecond treatiſe upon the ſubject of electricity, 
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of the electricities is truly plus, and which of them 
is minus. = 

You muſt remember, Lord Charles Cavendiſh firſt 
obſerved the luminous appearance in one continued 
ſtream throughout the whole vacuum of an exhauſted 
tube. It is a fine experiment, and affords more in- 
formation than I at firſt imagined, therefore I ſhall 
beg leave to recite it from the Philoſophical Tran- 
ſactions , before I give you any farther particulars 
about it. = ; = 
„ This apparatus conſiſted of a cylindrical glaſs 
tube of about three tenths of an inch in diameter, 
and of ſeven feet and half in length, bent ſome- 
what like a parabola, in ſuch a manner, that thirty 
inches of each of its extremities were near] 
ce ſtraight, and parallel to each other, from which 
<« an arch ſprung, which was likewiſe of thirty in- 
e ches. This tube was carefully filled with mer- 
c cury; and each of its extremities being put into its 
* baſon of mercury, ſo much of the mercury ran 
& out, until, as in common barometrical tubes, it 
* was in equilibrio with the atmoſphere. Each of 

the baſons containing the mercury was of wood, 
and. was ſupported by a cylindrical glaſs of about 
<* four inches in diameter, and ſix inches in length; 
«© and theſe glaſſes were faſtened to the bottom of a 
& ſquare wooden frame, ſo contrived, as that to its to 
ce was ſuſpended with filk lines the tube filled with 
* mercury before mentioned; ſo that the whole of 
ce this apparatus without inconvenience might be 
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e moved together. The -Torricellian vacuum then 
*© occupied a ſpace of about thirty inches. In make- 
*© ing the experiment, when the room was darken- 
ce ed, a wire from the prime conductor of the com- 
*© mon electrical machine communicated with one 
<« of the baſons of mercury, and any non-electric 
e touching the other baſon, while the machine was 
« in motion, the electricity pervaded the vacuum in 


« A continued arch of lambent flame, and as far as 


the eye could follow it, without the leaſt divergen- 


ct | ” 


| imagine Dr. Watſon, who has deſcribed this ex- 


periment, did not, when he made the experiment, at- 
tend to a fingular appearance of light upon one of the 
ſurfaces of the quickſilver, becauſe he has taken no 
notice of it. However, I had a mind to make the 
experiment myſelf, and try whether I could not ma- 
nage the quickfilver, ſo as to have more than two vi- 
fible ſurfaces, in order that I might have that re- 
markable appearance repeated. | | 

To do this, I let a very ſmall quantity of air into 


the tube, by which means four columns of quickſil- 


ver were obtained, reckoning great and ſmall toge- 
ther; and fix viſible ſurfaces, three of which I called 
upper, and three under ſurfaces. But the figure in 
the plate Ne. IX. will give you a better idea of the 
inſtrument, than I am able to do by writing. 


When the column of quickfilver on the left hand 


was electrified, and the other on the right commu- 
nicated with the earth, the ſtream of light was vi- 


ſible in a darkened chamber, and the general appear- 


ance, all the way through the vacuum, was a light of 
a ſeeming .uniform denſity, excepting at the upper 
ſurfaces, for above one tenth of an inch, reckoning 


from 
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from each ſurface ; and there the light was always 
conſiderably brighter; inſomuch that a gentleman, 
then preſent, who was unacquainted with experi- 
ments of this kind, defired to know the reaſon of 
the three knobs of light appearing on the tops of the 
quickſilver. I mention this circumſtance, becauſe 
they were remarkably conſpicuous; whereas the three 
under ſurfaces exhibited no ſuch appearance, the 
light being rather leſs bright than even in the general 
appearance of the whole illuminated vacuum. 
An electric current, ſetting in from the glaſs of the 
electrifying machine, and paſſing along the tube 
through the quickſilver and vacuum, and ſo to the 
earth, muſt have cauſed thoſe bright knobs by means 

of the reſiſtance the fluid met with at the upper ſur- 
face of the quickſilver in endeavouting to enter it; 
becauſe the a nces were alike on the three up- 
per ſurfaces, and nothing of the ſame kind was ſeen 
at the under ſurfaces. Glaſs therefore electrifies bo- 
dies plus, or, in other words, gives bodies a quan- 
tity of electric fluid more than they have naturally. 
I am now to acquaint you with the appearances 

that the minus electricity occaſioned. 
Inſtead of the glaſs cylinder to electrify with, I 
put a reſinous one, preſerving the communication, 
and every thing elſe, as in the former experiment. 
In theſe circumſtances, the general appearance of 
the light in the vacuum was the ſame; but in this 

experiment the #nobs of light were on the under ſur- 
| faces, and not upon the upper. 

From the knobs of light being at the under ſur- 

faces, and not upon the upper, I concluded that the 
flow of the fluid was the contrary way to that caufed 


by 


tou). 
by glaſs; for in this caſe it appeared to come from 
the earth, then into the tube, and ſo on to the reſinous 
cylinder. Thoſe bodies therefore which have no com- 
munication with the earth, and from which the reſi- 
nous cylinder is ſupplied, muſt be electrified minus *. 

Theſe luminous {robs (were there no other proofs) 
are a ſtrong confirmation of the exiſtence of a medium 
at or on the ſurfaces of bodies, which, to a limited 
degree, reſiſts or hinders the entrance and exit of the 
electric fluid. But we have ſome other experiments 
to illuſtrate the ſame, and the Tourmalin does aſſiſt us 
not a little. 

There is one thing more, which I am obliged to 
take notice of, concerning the impermeability of glats 
by electricity. Our friend, Dr. Franklin, ſeems to 
found great part of his ſyſtem on this opinion. 

« Glaſs, ſays he, has within its ſubſtance always 
tc the ſame quantity of electrical fire, and that a very 
«« great quantity in proportion to the maſs. This 
* quantity, proportioned to the glaſs, it ſtrongly and 
ce obſtinately retams, and vill have neither more 
c nor leſs, though it will ſuffer a change to be made 
*in its parts and ſituation; . e. we may take away 
« part of it from one of its ſides, provided we throw 
an equal quantity into the other.” 

This doctrine I could never agree to, fo far as it re- 
lates to the impermeability of glaſs, as appears by my 
letters in anſwer to the Abbe Nollet and M. le Roy, 
on their requeſting to know my ſentiments about it, 


8 


* The ſame cylinder made rough with emmery, and rubbed with 
flannel at one time, and with leather at another, will afford theſe 
different appearances, the firſt cauſing the minus, and the laſt the 


plus appearance. 
WSOL. IE S's in 
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in the year 1756, the former of whom it is well 
1 known could never come into it . And I am ſtill the 
| leſs inclined to alter my opinion of this matter, from 
an acquaintance with the ies of the Tourma- 
lin, Which I think has furniſhed me with ſufficient 
unds for advancing that Dr. Frantlin is miſtaken. 
Y hive wondered that Æpinus did not take notice of 
ſome of the experiments which electrify glaſs either 
plus or minus, becauſe the Tourmalin affordeth lead- 
ing experiments towards it ; and can aſcribe it to no 
other cauſe than a favourable opinion he was willing 

to entertain of Dr. Franklin's 88 
Io prove that glaſs is permeable by electricity, I 
took a very large pane thereof (J choſe it large, that no 
objection might be made to the experiment) and then 
warmed it a little, fo that it was free from moiſture. 
After that, I held it upright by one edge, whilſt the 
oppoſite edge refted upon wax, and rubbed the mid- 
dle part of the ſurface with my finger. After this, I 
found that both fides were electrified plus. Upon 
repeating the experiment many times, with different 
glaſs and different degrees of rubbing, ſtill both ſides 
were in every experiment electrified plus. Now they 
could not both be electrified plus by this treatment, 
unleſs ſome part of the fluid had really paſſed through 
the glaſs ; becauſe the virtue could not get round to 
the other fide over ſo great a ſurface: beſides, the ex- 
tremities of the glaſs were not electrified at all. As 
to electrifying glaſs minus, I find it may be done 
three different ways. But theſe and other experi- 
ments relating to the permeability of glaſs, I ſhall 


* Vid. lettres ſur PeAricite par M. I Abbe Nollet, lett. iv. 
forbear 
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forbear mentioning, till T have brought you better ac- 
quainted with the Tourmalin. 

The firſt account I met with of the Tourmalin, and 
the remarkable properties belonging to it, was from 
a memoir in the Berlin acts, printed in the year 1758; 
wherein it appears, that F. V. T. Æpinus, profeſſor of 
natural philoſophy, made ſeveral very curious and 
judicious experiments upon it ; the moſt material of 
which, prove a plus electricity on one ſide thereof, 
and, at the ſame time, a minus electricity on the other 
fide; provided the Tourmalin is moderately warmed, 
and even by hot water. Theſe appearances are the 
more extraordinary, as the like means employed in 
the ſame manner upon diamonds, glaſs, and all other 
electric bodies hitherto tried, produce no ſuch ap- 


The Duke de Noya, who viſited this kingdom in 
1753, wrote a ſmall treatiſe on the ſubject, and pub- 
liſhed it at Paris on his way to Italy: in this work he 
mentions Æpinus' s experiments, but does not admit 
of a plus and minus electricity belonging to the Tour- 
malin when heated. On the contrary, he ſays that 
the two ſides are electrified plus, but one of them is 
more fo than the other; and that it is the difference 
between thoſe degrees which has led Æpinus into the 
miſtake. 

I remember to have repeated moſt of the experi- 
ments mentioned in the Berlin memoir, ſoon after it 
appeared in England, with the Tourmalin belonging 
to our friend Dr. Sharp, which you fortunately re- 
collected to have ſeen in his poſſeſſion many years ago 
at Cambridge; for it was the only one known of here 
at that time: and though but a ſmall one, compared 

| 88 2 with 
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with Ap:inus's, yet it was large enough to ſatisfy me 
that his opinion was well founded. Beſides, the trials 
you made with the ſame ſtone before I had it, were 


a farther confirmation of the truth. However, the 


following experiments, which I made to procure more 
data towards attaining ſome ſimple explanation of 
theſe curious phænomena, will ſufficiently prove, that 
one fide of the ſtone is really electrified plus, and the 
other fide minus. And had the Duke de Noya made 
farther experiments, and purſued the ſame method I 


have done, I think he would have been of the ſame 


opinion. 
The largeſt Tourmalin J had from you, and with 
which I made the following iments, weighs 


above 120 grains. It is of an oval form, and poliſhed: 
the greateſt diameter meaſures an inch and a quarter, 
and the leaſt one inch. One fide is plain, the other 
is convex, but cut into ſeveral ſmall planes or facettes, 
ſomething like a roſe diamond ; the thickeſt part of 
which is near one third of an inch. This ſhape does 
not ſeem to me to be the moſt convenient for make- 
ing experiments, but I would not alter it, leſt the 
ſtone ſhould break; for there are ſeveral cracks in it; 
and I ſear it will be difficult to meet with another of 
the ſame fize. 

To make experiments with the Towrmalin requires 
the greateſt attention, as the appearances ſometimes 
are ſcarcely ſenſible, inſomuch that I have been obliged 
to employ the tendereſt kind of apparatus, and even 
interpoſe a ſort of ſkreen to prevent my breath, or 
other like motions of the air, from diſturbing the ex- 
periment. | 

My apparatus for making many of theſe experi- 
ments, conſiſts of two very ſmall balls made of res 
pi 
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pith of elder, and ſuſpended by two linnen threads 
of the fineſt kind: the ends of theſe threads I faſten 
to a ſlip of wood about three inches long, and half an 
inch broad : then upon a ſtick of ſealing wax nine 
inches long, fixed upright on a table, or any other 
convenient place, I faſten the flip of wood, from one 
end of which the threads &c. hang down five inches, 
ſo that the pith balls are about four inches from the 
table. Theſe balls are always ſuppoſed to be electri- 
fied plus, except where the contrary is mentioned: but 
with no greater power, than to make them recede 
from each other about one inch in every experiment. 

I prefer the wax ſtand to a glaſs one, as the latter 
when cold acquires moiſture very ſoon, and therefore 
becomes a conductor: whereas wax, when it is once 
in good order, will continue a non- conductor for a 
long time. 

Before I ſet down my experiments, I muſt mention 
three truths that are commonly known, and which, 
for the prefent, I ſhall call 


GENERAL LaAws. 


Two bodies equally electrified plus recede from 
each other, or are repelled. 
Two bodies electrified minus recede alſo from each 
other, or are repelled. ; 
One body electrified plus and another body electri- 
fied minus, to an equal degree, accede, or move to- 
wards each other, or, as it is generally expreſſed, are 


attracted. 


EXPERIMENTS upon the TOURMALIN. 


Exp. 1. One edge of the Tourmalin being properly 
faſtened to a long * of ſealing wax, I ä the 
one 
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ftone into boiling water, and continued it there near 
one minute. . On taking it out, and preſenting the 
convex fide thereof near the pith balls, they immedi- 
ately receded from it, but not very ſtrongly. 

On turning the plain fide. towards the balls, it 
cauſed them to accede to it, but rather at a greater di- 
ſtance in this caſe, than they receded from it in the 
laſt. When the one was colder, theſe appearances 
were conſiderably ftronger; but, on cooling ſtill 
more, they were leſs and leſs. 


Exp. 2. I repeated this laſt experiment, with the 
difference only of having the balls electrified minus 
inſtead of plus x. And in this caſe = might be ex- 
pected) the effects were reverſed; the balls acceding 
towards the convex fide, and receding from the plain 
fide. 1 

Theſe a ances in the two experiments agree- 
ing with * ſufficiently W that = 
tone has been heated by water, one ſide is elefirified 
minus, and the other ſide is electriſied plus; which is 
the firſt law laid down by Æpinus. This ſtate has 
not improperly been called its natural flate ; becauſe 
the heat, which diſpoſed the Tourmalin to afford theſe 


appearances, was uniform in every part of its ſurface, 
and the water itſelf an uniform conductor. 


Exp. 3. I preſented the convex fide to the flame of 
a candle, but not ſo near as to touch the flame, and 
held it there about one minute, during which time 
the ſtone acquired a plus electricity on both ſides, for 


—— — 


*I did the ſame thing in every experiment where there was oc- 
caſion to uſe theſe balls, to be more certain of the concluſtons. 


the 
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the balls receded from them, but rather with a greater 
force from the convex fide, than from the plain fide. 


This ap proves an increaſe of the power in 
the fone ; uſe it continued to act for a time like 


other bodies electrified plus. And in regard to the 
different forces of the two ſides, that will be particu- 
larly conſidered hereafter. 


colder, and the remaining heat more equally diffuſed, 
it changed its laſt ſtate to a plus and minus one; for 
the plain fide made the balls accede, and the convex 
ſide made them recede. 

This change ſeemed to ariſe from ſome alteration, 
on or near its ſurfaces, by having the heat equally dif- 
fuſed throughout the ſtone: if it was not ſo, I ſee 
no reaſon but that the Tourmal;n ſhould continue to 
be electrified plus on both fides, whilſt any electrical 
ſigns remained. 


Exp. 5. I now held the plain fide as near the flame 
as I had done the convex one; and inſtead of both 
fides being electriſied plus, they were electrifiod i- 
nus, for each fide cauſed the balls to accege. 

From this experiment, I had reaſon to believe that 
the fone was emptied (if I may ſo ſay) of its electri- 
city; becauſe it continued to act for a time like other 
bodies electrified minus. 


Exp. 6. After the ſame length of time as in the 
fourth experiment, the Turmalin being colder, it 
changed its ſtate alſo; for the convex fide made the 
balls recede, and the plain fide continued to make 
them accede, as they had done before, 


This 


Exp. 4. Aſter a ſhort time, the Tourmalin being 
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Tbis change ſeemed likewiſe to ariſe from ſome 
alteration on the furfaces-of the Tourmalin, by having 
the heat equally diffuſed throughout the ſtone : if it 
was not ſo, I fee no reaſon but that the Tourmalin 
ſhould continue to be electrified minus on both ſides, 
whilſt any electrical ſigns remained. 

I was naturally led next to examine at which ſur- 
face of the Tourmatn the fluid entered (if any did), 
whilſt it continued heating. 


Exp. 7. Flame being improper for my purpoſe, 
becauſe the electric fluid is readily diſſipated by its 
preſence, I made choice of an iron rod, at the end of 
which was a round knob. This was heated, and af- 
terwards brought to a certain diſtance from the balls, 
in order to ſee if they were moved by it: but not per- 
ceiving the leaſt motion, I interpoſed the Tourmalin, 
with the convex fide next the balls. They acceded 
a little, and when I removed the heated iron, they 
returned to their place again. I then brought the 
iron nearer to the Tourmalin than before : the balls 
in this caſe moved with vigour towards the-ſtone, and 
continued in contact with it for a conſiderable time; 
and, after that, they receded from it. 

On examining the balls, I found they had loſt all 
their plus electricity, and were cledrified minus, 1 
alſo obſerved that the fone itſelf was minus on both 

des. 
- I gathered from this experiment, that the electric 
fluid flowed from the balls towards the ſtone; becauſe 
they not only loſt their own plus electricity, but were 
electrified minus : and, as the Tourmalin was minus 
alſo on both ſides, a quantity of electric fuid muſt 
bave 


» 
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baue flowed from it towards the iron. That this was 


really the fact will appear preſently. 
Exp. 8. When I heated the convex fide in the 


ſame manner as I did the plain one, the balls were 
not moved towards the Tourmalin, but from it, and 
continued in that ſtate. In this experiment they were 
electrified plus, and the ſtone alſo was plus on both 
ſides. 

I gathered from this experiment that the plus elec- 
tricity in the ſtone did not flow from the balls, be- 
cauſe they loſt none of their virtue; but it muſt be 
From the iron itſelf. 

It was now neceſſary to examine the iron: but I 
found it very difficult to do this for many reaſons, 
and ſuch as might perhaps be thought too tedious if 
I mentioned them. 

I therefore had recourſe to another expedient, 
where there was a probability of meeting with better 
ſacceſs. This was to make uſe of a tube of glaſs 
about two feet long, one end of which I heated red 
hot and tried the experiments again: obſerving at the 
ſame time the ſtate of the glaſs after each experi- 
ment. 


Exp. g. When the plain fide of the Tourmalin was 
expoſed to the heated end of the glaſs, in like man- 
ner as it was to the knob of iron in the ſeventh ex- 
periment, I obſerved that about free inches of the 
heated part of the glaſs was electriſed minus, and be- 
yond that diſtance it was eleftrified plus, and conti- 
nued fo even when the glaſs was very near cold. 

This plus and minus ſtate in the glaſs, muſt be 
cauſed from the action of the fluid flowing from the 
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balls and Tourmalin towards the glaſs : becauſe I 
found that a current of the electric fluid acting againſt 
the natural quantity of the fluid in the glaſs will pro- 
duce the ſame effect: for having rubbed a tube of 
glaſs, I applied it to the heated end of another tube, 
and the appearances were exactly alike ; that part 
which was heated being minus, and the part beyond 
it plus. 

Thi ſeems a leading ſtep, towards diſcovering the 
truth we are in ſearch after: for the current of the 
fluid ſeems to be fairly traced in theſe circumſtances, 
the heat having diſpoſed the Tourmalin properly to 
let the fluid paſs from the balls, through its ſubſtance, 
towards the glaſs. | 


Exp. 10. I was now eager to try what would be 
the event, when the heated part of the glaſs was next 
the convex ſide of the Tourmalin. Upon making the 
experiment, I found that the tube was electrified mi- 
nus above one foot in length, without the leaſt appear- 
ance of a plus electricity beyond the minus one, as in 
the laſt experiment. And this minus appearance con- 
tinued alſo when the tube was nearly cold. 

Now becauſe the Tourmalin was plus, the balls plus 
alſo, and the heated glaſs minus, the electric fluid 
muſt have flowed from the glaſs to produce a plus elec- 
tricity in the ſtone and balls. | 

Thus you ſee, Sir, I have diſcovered two currents 
of the electric fluid paſſing in contrary directions, the 
one of them elefrifying both fides of the Tourmalin 


plus, and the other both fides minus. 


MY next ſtep was to put the Tourmalin into its 


natural ſtate (as Æpinus calls it,) in order to make 
farther experiments, 


Exp. II. 
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Exp. 11. To anſwer this e beſt, I ſeparated 
the Tourmalin from the wax, and placed it in boil- 
ing water for a ſhort time, where it was ſurrounded 


on all ſides with a conductor and an equal degree of 
beat: then, taking it out of the water, I laid the 


convex fide (after it was dry) upon the flip of wood, 
ſupported by wax, to which the pith balls were ſuſ- 
pended ; but no appearance happened, for the balls 
continued at reſt. 

Exp. 12. But when the ſtone remained on the wood 


a little time longer, the balls ſeparated to a conſider- 


able diſtance, ſometimes near two inches; and re- 
mained fo for more than one minute. 

In this ſtate they were electrified plus, as appeared 
by their acceding towards amber when it was rubbed 
and brought near them. From the balls being elec- 
trified plus, the flow of the fluid from the plus fide 
of the Tourmalin muſt have cauſed ſome part of the 
wood itſelf to be minus, and the balls plus; becauſe 
the ſame effects happened in Exp. 9. Beſides, elec- 
trified glaſs oppoſed to the ſame wood produced ſimi- 
lar appearances. „„ 


Exp. 13. If, whilft the ſtone continued reſting 
upon the wood, I brought my finger near the plain 
fide of the Tourmalin, the balls receded farther from 
each other; and when I repeated the approach, it 
every time affected the balls and made them recede 
a little more, unleſs the Tourmalin was become too 
cold; in which caſe they approached nearer, but ſtill 
continued to be electrified plus. 

In this experiment, the finger did nothing more 
than ſupply the ſtone with the electric fluid, more 
readily than the air itſelf would have done. 

St 3 Exp. 14. 
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Exp. 14. Upon removing the ſtone by degrees 
from off the wood, the balls approached nearer and 
nearer : but when it was taken away entirely they 
receded again, and in this caſe were electrified minus 
inſtead of plus. 

This is a farther confirmation that the fluid flow- 
ing from the fone electrified the wood minus, by 
forcing part of the natural quantity in the wood into 
the balls, and ſo made them plus; but becauſe ſome 
part of the fluid was forced likewiſe out of the balls 
into the air whilſt they continued plus, therefore 
when the fone was taken away, they were juſt as 
much electrified minus, as the force of the fluid flow- 
ing from the fone was able to drive out of the balls: 
and I have formerly ſhewn “ that the balls will re- 
cede from one another in this minus ſtate as they do 
in a plus one, by the crouding in of the fluid from 
the air &c. on all ſides to reſtore the æquilibrium; 
but being retarded in ſome degree in endeavouring 
to enter the balls by the medium on their ſurfaces, 
an accumulation is formed, and conſequently atmo- 
ſpheres fimilar to the plus ones; with this difference 
only, that one is tending from the body and the other 
to the body. 


Exp. 15. After heating the ſtone again in boiling 
water, I laid the plain fide upon the wood. In this 
caſe the balls continued at reſt as they did in the 


eleventh experiment, when the convex fide laid upon 
the wood. ; 


— 
_ 


* See exp. and obſ. by Haadly and Filſon, 
Exp. 16. 
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Exp. 16. But, after a little time, the balls ſeparated 
an inch or more, and remained ſo for ſome time. 

In this ſtate they were electrified minus; for they 
receded from the amber. 5 
The Tourmalin, in theſe circumſtances, was ſup- 
plied with the ny — from the wood - balls, 
as a from the preceding experiments, when the 
hand lick ns ws; ſo that the balls muſt have 
been in a minus ſtate, and ſome part of the wood in 
a plus one: becauſe of the like reſiſtance at the ſur- 
face to be overcome, where an accumulation of the 
fluid muſt have been cauſed before it could paſs to 
the Tourmalin; as appears by Lord Charles Caven- 
diſb's experiment. 
_. Glaſs electrified minus, and applied in the ſame 

manner, produced the like effect. As to the method 


of electrifying glaſs minus, it will be ſhewn pre- 
ſently. 


Exp. 17. Upon bringing my finger near the convex 
fide, the balls receded farther from each other, as 
they did in the thirteenth experiment: and, on re- 
peating the approach, the balls receded a little more, 
unleſs the fone was become too cold. 

The approach of the finger, therefore, conducted 
the fluid from the ſone, more readily than the air 
ſurrounding it. 


Exp. 18. On removing the Tourmolin the leaſt 
from the wood, the balls approached nearer each 
other, and continued to do ſo as the fone was removed 
farther off; nevertheleſs they were electrified minus, 
though in a leſs degree. 
Exp. 19. I then removed it intirely, and the balls 
receded, but to a greater diſtance than at any time 


before 
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before in the preceding experiments ; and, inftead of 
being minus, they were now plus; for the amber 
cauſed them to accede. 

By the balls receding to a greater diſtance in this 
laſt caſe than in any other experiment J have yet pro- 
duced, and the flow of the fluid, during the natural 


fate of the ſtone, being from the minus to the plus 


fide, we have produced another proof, that the refiſt- 
ance is leaſt at the minus fide of the ſtone: and from 
this cauſe, the tendency of the fluid from the balls 
towards the /ffone muſt be greater, than when the fluid 
tended from the fone towards the balls. But there is. 
a reſiſtance appertaining to the wood, that was ob- 
ferved before, and which muſt be taken into the ac- 
count, though it is the ſame in each experiment. 
Nevertheleſs, fince the tendency of the fluid is differ- 
ent when different ſides of the fone are expoſed, dif- 
ferent degrees of the electric fluid will be accumu- 
lated. Hence we ſee the reaſon why, upon removing 
the fone from off the wood, as in this laſt experi- 
ment, more of the accumulated fluid muſt have 
flowed in, than flowed out, becauſe the balls were elec- 
trified plus, 


HAVING endeavoured to explain thete three di- 
ferent ſlates of the Tourmalin, cauſed by different ap- 
plications of heat, I ſhall now offer ſome farther ex- 
periments in which Friction is concerned, and com- 
pare them with other experiments of the vitreous and 
reſinous kind, in order to obſerve how far they agree 
with one another, and whether the principles here 
advanced are conſtant and uniform. 


Exp. 20. The Tourmalin being again fixed to the 


wax, I gave the convex fide one flight rub with my 


finger, 
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finger, and obſerved, that both fides were electriſied 
lus. 

Fn When the Tourmalin was put into its natural fate, 

ſo as to electrify plus and minus, I gave the ſame fide 

another ſlight rub; and in this caſe both fides were 

electrified plus. PO 1 | 

Upon repeating theſe two laſt experiments with the 
plat i fide [ſtead of the other, the Tourmalin was 
electrified plus on both fides likewiſe ; but with this 
difference, that now they were conſiderably more 
electrified than before. 

This is a farther argument, that the reſiſtance 7s 
leſs on the plain fide than on the convex fide ; and that 
the fluid paſſed through the ſtone. 

And becauſe fo flight 2 friction occafioned ſuch a 
ſenſible alteration, we are ſufficiently cautioned from 
fouching the ſtone at any time, but when the experi- 
ment requires it. The ſame caution is to be obſerved 


with glaſs, amber, filk, &c. 
Theſe experiments put me upon trying the experi- 
ment with the pane of glaſs, mentioned in the begin- 
ning of this letter; and, upon finding that the electric 
fluid not only paſſed through the glaſs, but electrified 


it plus, TI had a mind to try, whether I could not elec- 


trify it minus. REES 


Exp. 21. For this purpoſe I made uſe of the ſame 
glaſs, and, when it was a little warmed, I held it 
within two feet of the prime conductor, which was 
electrified plus. By this method, that part of the 
glaſs, which was oppoſed to the conductor, became 
- electrified minus on both fides ; but beyond that, a con- 
fiderable part all round the minus, was electrified plus 
on both fides. This effect is of the ſame kind 2 

2 that 


5 „„ 
that mentioned in the gth experiment. In a few 
minutes, the minus electricity diſappeared, and the 
plus continuing, diffuſed itſelf into & | place of the 
other; ſo that now the whole was electrified plus. 

Exp. 22. The experiment ſo far ſucceeding, in- 
duced me to make uſe of a leſs piece of glaſs, that I 
might have the hole electriſied minus. Upon making 
the experiment, it anſwered accordingly. 

Theſe advances led me to obſerve the power of 


electrifying this ſmall piece of glaſs and the Tourma- 
lin at different diſtances, | 


Exp. 23. I expoſed the ſmall piece of glaſs to the 
prime conductor, at the diſtance of two feet, which 
was the ſame as before in the 21ſt experiment, and 
obſerved a minus electricity at both ſurfaces. 

Exp. 24. As I moved the glaſs nearer, to a certain 
diftance, it was more ſenfibly electrified minus; and 
after that, on moving it ſtill nearer, the minus ap- 
pearance was leſs and leſs ſenſible, till it came within 
the diſtance of about one inch, and then it was elec- 
trified plus on both fades. 


Theſe laſt experiments are farther confirmations of 
the permeability of glaſs. | 


Exp. 25. This plus electricity in the glaſs I found 
might be changed to a minus once again, by remov- 
ing the glaſs, and holding it for a time at a greater di- 


fance : which is another proof of the repulſive power 


of this fluid. | 
Exp. 26. The Tourmalin afforded like appearances 
when in the ſame circumſtances ; with this difference, 
that they were cauſed at greater diſtances than thoſe 
of the glaſs; and particularly the plus electricity was 
acquired at the diſtance of one foot, or more, 1 
rom 
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From this difference in the power at different di- 
ſtances, I inferred, that the Tourmalin reſiſts the exit 
and entrance of the fluid confiderably leſs than glaſs, or 
even amber ; for the diſtances requiſite to cauſe 
changes in theſe, were leſs, than the diſtances which 
cauſed changes in the Tourmalin : and fince, by ex- 
poſing glaſs, and the Tourmalin, to an electrified body, 
at conſiderable diſtances, they are rendered minus, 
and at a nearer diſtance plus; it is no inconſiderable 
argument that their general laws are the ſame; and 
that the Tourmalin differs in nothing from other elec- 


tric bodies, but in acquiring an electricity by heat. 


And, in regard to this remarkable effect, the experi- 
ments I formerly made, which rendered electrics 
non- electric, as likewiſe Mr. Delaval's curious expe- 
riments upon earthy ſubſtances, are other inſtances 
how particular bodies may be ſo altered, as to ſuffer 
the electric fluid to paſs through them or not, accord- 
ing to the different degrees of heat employed in the 
experiment. 


But to proceed with our obſervations onrubbed glaſs. 


Exp. 27. Having by me a pane of glaſs, one fide 
of which was rough, and the other ſmooth, I rubbed 
it ſlightly on the rough fide; upon doing which, both 


ſides were elefirified minus. 


Exp. 28. I treated the other fide in the ſame man- 
ner; after which, the minus electricity was changed 
to a plus one, on both ſides. 

Now, becauſe the ſame glaſs afforded different ap- 
pearances when different ſides thereof were rubbed, 
and there being no other difference in the circum- 
ſtances of the two experiments, except that in the 
ſurfaces themſelves, the one being rough, and the 
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other ſmooth; it follows, that the power of electri- 
fying o_ or minus ariſes from one and the fame fluid. 


Exp. 29. I then had a curioſity to try, whether I 
could not, * rubbing, make one ſide of this glaſs 


plus, and the other minus, at the ſame time. This I 


effected, after both ſides were made plus; for, by rub- 
bing the rough fide of the glaſs leſs, than I rubbed 
the ſmooth fide, that became minus, and the ſmooth 
fide continued plus. I rubbed the rough fide 4%, 
becauſe I found from experience, that rough glaſs 
required a leſs power to electrify it minus, than 


ſmooth glaſs did to electrify it plus; and therefore I 


concluded, that the medium on the 4 Herent ſurfaces 
has different powers, the greateſt belonging to the 


/mooth, and the leaſt to the rough ſurfaces ; as Sir 


Iſaac Newton has ſhewn concerning light falling up- 
on poliſhed and rough glaſs. 

I remember an obſervation of the like kind, which 
Mr. Short made, upon having occaſion to heat one 


of his metal ſpeculums, behind which was faſtened a 


wooden handle. This /pecu/um he placed near a 
ſtrong fire, with the polithed ſurface towards the fame, 
where it continued above an hour, without receiving 
the leaſt degree of warmth. That power therefore, 
which reflected the heat, muſt certainly be of the ſame 
nature with that, which occaſioned the knobs of light 
in vacuo, mentioned in the firſt experiment. I have 
frequentiy endeavoured to cauſe alterations in that 
power, with a view to be better acquainted with its 
laws; and, amongſt other attempts, I rubbed elec- 

trics againſt electrics. 


Exp. 30. The firſt trial was with the Tourmalin 
and x 0 which produced a plus electricity on both 
2 ſides 
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ſides of the fone, and a minus one in the amber. 
Afterwards I electrified the amber, and held it near 
the Tourmalin ; ſtill both fides were plus : and if I 
rubbed the Tourmalin whilſt the amber was electri- 
fied, it continued plus. Then I rubbed the fone with 
glaſs; notwithſtanding which, both ſides of the Tour- 
malin were plus, and the glaſs minus. 

Exp. 31. But when the glaſs was electrified plus, 
and held near the Tourmalin, as J had done before 
with the amber, in this caſe, both ſides were electri- 
fied minus, 

| Theſe experiments ſeem to ſhew, that where elec- 
tric appearances are produced, by the rubbing of any two 
poliſhed bedies together, that body, whoſe ſubſtance 
is barde/t, and electric power ſtrongeſt, will be always 
plus, and the ſofteſt and weakeſt, always minus. It was 
from this theory, with which I had the pleaſure to 
acquaint you, that I was defirous of trying to elec- 
trify the Tourmalin minus by rubbing, not having at 
that time been able to do it. I fixed upon a brilliant 
diamond for this purpoſe, as being the hardeſt body, 
and ftrongeſt electric, that I was acquainted with; 
and, upon rubbing the Tourmalin with it, my expec- 
tations were anſwered ; for both fides of the Tourma- 
lin were electrified minus, and the diamond plus. 


Exp. 32. Theſe experiments ſucceeding, I rubbed 
glaſs againſt glaſs, and found, that fhey elefrified 
each other; but one of them was plus, and the other 
mi nus. 

Exp. 33. Two pieces of amber, treated in the ſame 
manner, were alſo electrified plus and minus. 

Exp. 34. When I rubbed glaſs againſt amber, the 
former was plus, and the latter minus, 


Uusz Exp. 
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Exp. 35. Two Tourmalins being rubbed againſb 
each other, one became plus, and the other minus. 


From all which it appears, that ſome alteration 
was made in the medium on their ſurfaces; otherwiſe 
theſe oppoſite effects could not have been produced: 
and in regard to the ſame bodies producing different 
effects, it is not improbable but they may differ in 
degrees of hardnefs, poliſh, or of their electrifying 
power. 

Now, as electrics, rubbed againſt electrics, occa- 
 fioned electrical appearances, I was encoura ged to try 
what would be the effect of air, if I rubbed, or rather 
forced, it againſt electrics; for! ſuppoſed the particles 
of air to be ſurrounded with a medium of the ſame 


kind as grofſer bodies, which is the cauſe of their 
being ſo elaſtic. 


Exp. 36. To do this, I only made uſe of a com- 
mon pair of bellows, and having brought the Tourma- 
lin near to the end of the pipe, I found, after it had 


received about twenty blaſts, it wwas elefrified * on 
both fades. 


Air therefore ſeems to be % electric than the 
Tourmalin. 


 _ 7. Into the place of the Tourmalin I brought 


e £ Pals and blew againſt it the fame number 
of times as in the farmer experiment. When I exa- 


mined both fides, they were electrified plus alſo, but 
leſs than the Tourmalin. 


Exp. 38. Amber, treated in the ſame manner, was 
elerified leſs than the glaſs. 


Exp. 39. I had recourſe next to a ſmith's bellows. 
The difference theſe occaſioned was only a much 


ſtronger 
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ſtronger electricity in the Tourmalin. Amber was 
ſtill weaker than the glaſs, and the glaſs weaker than 
the Tourmalin. | 

Still having in view the medium on the ſurfaces of 
the particles of air, I conſidered, that heat would ra- 
rify it; by which means, air, having its reſiſtance leſſ- 

ened, would more readily part with the electric fluid, 
and of conſequence electrify more powerfully. _ 

Exp. 40. The pipe of the bellows being made red- 
hot, I blew againſt the Tourmalin twelve times only, 
which was eight blaſts leſs than in the former experi- 
ments with cold air. In this experiment likewiſe the 
Tourmalin was electrified plus on both fides, but to a 
conſiderable degree more, than was done in the $6th 
and 39th experiments. The hot air had the ſame 
effect upon glaſs ; but electrified it leſs than the Tour- 
malin : and amber, though, like the ether bodies, it 
ſuffered an increaſe of power by the ſame treatment, 
was electrified the leaſt of all. 

From the air electrifying more powerfully when it 
is hot, than when cold; and the Tourmalin being elec- 
trified more than glaſs, and glaſs more than amber, 
as appears by theſe laſt experiments, we ſeem to have 
obtained a proof, that the whole atmoſphere is con- 
ſtantly promoting a flow of the electric fluid, by the 
alternate changes of heat and cold : and further, that 
air is not only leſs electric than the Zourmalin, but 


leſs than glaſs, and even amber. 


Exp. 41. When the Tourmalin had received the 
ſame number of blaſts againſt the plain fide, whilſt 
my finger touched the convex fide, it afforded differ- 
ent appearances ; for the plain fide was electrified 
plus, and the other minus. After a ſhort time, both 


fades 


„ EE. 


fides were plus; and ſome time after this the fone re- 
covered its natural ſtate, the plain fide being minus, 
and the convex plus. 

What appeared fingular in this experiment, was, 
that the middle ſtate of the ſione ſhould be plus on both 
ſides. But we no more wonder at this, when we 
conſider, that there were two cauſes to produce theſe 
effects: the firſt was heat, which put the fone into 
an wnnatural ſlate (as Apinus had obſerved be- 
fore) ; for, upon cooling, it would recover its natu- 
ral fiate, and conſequently afford different appear- 
ances. 

But the ſecond cauſe, which electrified both ſides 
plus when the ſone was in an intermediate (or, as 
ZEpinus calls it, neutral) ſtate, between the two ex- 
tremes, was, that then the effects of the air itſelf took 
place, and electrified both fides plus, as it had done 
before in the 35th experiment. 


Exp. 42. The convex fide was now preſented to 
the belloꝛos in the ſame manner, and received an equal 
number of blaſts. In this experiment hoth /ides were 
Plus, but weaker than in the laſt experiment; and, 
after a time, the one returned to its natural late, 
affording a plus and 721nus appearance. 

This property in the air, of electrifying glaſs, am- 
ber, &c. will, in all probability, account for an ex- 
periment I met with in France, made by M. Le 
Monnier *, who ſhewed me, at St. Germains en Lays, 
two or three long wires, which he had ſuſpended 


horizontally from the palace to his apartment, above 


— * 


* dee the Memoirs of the Academy of Sciences. 


thirty 
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thirty feet from the ground (the ſame experiment that 
was made by my friend the Abbè Mazeas, and com- 
municated, with ſeveral others, to the Royal So- 
ciety *), in order to obſerve the electric ects during 
thunder florms and cloudy weather. Theſe wires he 
frequently found electriſied in a ſmall degree, when 
the day was clear, and without the leaſt afpearance of 
2 cloud. Might not this effect therefore ariſe from 
the friction of the air againſt the wires? 

From conſidering all theſe things, and what theſe 
laſt experiments have taught us concerning the dif- 
ferent effects produced by hot and cod air, it ſeems 
probable, that many of the curious operations in na- 
ture ariſe from a con/tant flux and reflux of the elec- 
tric fluid. And if the obſervation be true, that air, 
free from moiſture, during tempeſts and kurricanes 
in the night, frequently aftords a faint kind of light, 
reſembling what is ſeen in an exhauſted receiver, 
through which the electric fluid is cauſed to flow, 
as alſo it occaſions a more general clearneſs in the 
heavens, than would appear were there no ſuch violent 
agitations ; it is reaſonable to imagine, that 4 fux f 
the electric fluid in the air, is the cauſe of ſuch ap- 
pearances; for the ſame reaſon that our artificial blaſts 
produced the electrical effects I have juſt now men- 
tioned. 

But it remains to be inquired into, whether the 
Tourmalin is ſo diſpoſed by nature, as to ſuffer the 
electric fluid to paſs through it only in one direction, 
like magneti/m through the loadſtone, or is indifferent 
which way it flows. 


— — m 


* See the Tranſactions of the Royal Society, Vol. XLVIII. 
Exp. 
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Exp. 43. Upon examining a Tourmalin which was 
flat on both Ale, and poliſhed, except upon its edges, 
part of the edge appeared plus, and another part o 
polite to it minus; ſo that a line, drawn from the plus 
part through the centre of the ſtone to the other ſide, 
would paſs through the minus part. 

Exp. 44. Two ſmaller Tourmalins, that were flat 
alſo, and poliſhed, like the other, exhibited the ſame 
appearances. 

Exp. 45. Another Tourmalin, which was alſo flat, 
but unpoliſbed, afforded a fourth inſtance of this 
kind. 

Exp. 46. The firſt of theſe Tourmalins was after- 
wards poliſhed, as well at the edges as the ſurface; in 
order to fee, whether that would make any alteration; 
but I found it ſtill retained its former electrical ſtate. 

Exp. 47. 1 experienced the ſame with another 
Tourmalin, which had been rough likewiſe. 

Exp. 48. 1 then, with a little emery, made that 
edge, which was plus, rough again, preſerving all the 
reſt /mootb ; but I could not perceive, that any altera- 
tion was made by it. I did the like with the edge of 
the other poliſhed Teurmalin, without being able to 
obſerve any difference. 

Exp. 49. As to the ſmall Tourmalin, that is plain 
on one fide, and a little convex on the other, which 
you obſerved to be a very good one, it is plus on the 
plain fide, and minus on the convex ; which is con- 
trary to the large Tourmalin deſcribed in the begin- 
ning of this letter. 

Exp. 50. I had an opportunity of trying another 
Tourmalin, now in the Britiſh Muſeum, which af- 


forded another inſtance of the ſingular * of 
18 
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this fone. The Tourmalin I now ſpeak of, is plain on 
one fide, and concave on the other; with a ſmall flat 
border round it. It was ſquare, but one of the cor- 
ners had been broken off. When I examined it, the 
broken part was plus, and the corner oppoſite to the 
broken part minus: ſo that here alſo the electric cur- 
rent ran through the ſtone in a diagonal line. 
Exp. 51. Every one of theſe Tourmalins, except 
that in the Britiſh Muſeum, I greaſed all over, and, 
whilſt they were warm enough to preſerve the greaſe 
liquid, I tried each Tourmalin ſeparately, but found, 
no alteration in the virtue of the ſtone, except weak- 
ening it a little ; though it is well known, that moiſt- 
ure, of any ſort, readily conducts the electric fluid; 
and therefore, if the Tourmalin had not a fixed kind 
of electricity, the plus and minus obſerveable on 
the two ſides of the ſtone, muſt, by this treatment, 
have united, and deſtroyed each other: the plus ſide 
png as much of the fluid, as the minus, on 
the other fide, wanted, to reſtore the equlibrium. 


Upon the whole, all theſe iments do moſt 
clearly prove, that the Tourmalin ſuffers the electrical 
Nuid to paſs through it only in one direction, and fo 
far it bears ſome analogy to the loadſtone. And as the 
| hnadftone loſes its virtue by being made red-hot, I was 
defirous to ſee what would be the event in the Tour- 
malin under the ſame treatment, 


Exp. 52. I therefore put one of the flat Tourma- 
lins into a ſtrong fire, for half an hour; but could act, 
afterwards, perceive the leaſt alteration. I made the 
ſame experiment upon another Tourmalin, with the 
fame ſucceſs. 
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Exp. 5 3. Laſtly, I heated the ſtone again, and, 
whilſt it = red-hot, I threw it into water ; by which 
treatment the virtue of the Tourmalin was intirely de- 


frayed, and it had the appearance of being ſhivered 
in many parts, without breaking. 


IN regard to the internal frame of the Tcurmalin, 
we can ſay nothing; yet ſo much I have learned, by 
theſe experiments, that there are three different me- 
thods of beating the Tourmali u, which produce dif- 
ferent electric appearances ; that different degrees of 
heat, afford different appearances ; that Friction has 
the ſame effect upon it, as upon glaſs; and that the 
Tourmalin, when it is heated properly, ſuffers a cur- 
rent of the electric fluid to paſs through it in one di- 
rection only: ſo that the TJourmalin hath, as it were, 
to elefrical poles, which are not eaſy to be deſtroyed 
or altered; and farther, that there is not any ſubſtance 
in nature, which we are acquainted with, that the 
electric fluid does not readily paſs through ; that there 
ſeems to be a conſtant flux and reflux of it in all bodies, 
as well in the air as in vacuo, occaſioned by the alter- 
nate changes of heat andcold in every part of this globe. 
All which things do very much confirm the opinion 
J formerly entertained, and attempted to prove by 
experiment, that the ele&ric fluid is diffuſed through- 
out the whole earth, as well as in the air ſurrounding 
it ®, 

How far this flowing of the electric fluid may be 
concerned in the ordinary operations of nature, by 
keeping up that motion, which ſeems fo neceſſary in 
the ſeveral parts of the grand machine, I leave to others, 
who may be more ſucceſsful in their reſearches. 


* Scea Treatiſe on Electricity, the ad Edit by B. Wilſon, 


By 
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By theſe advances, we have likewiſe attained to a 
more certain knowlege of that medium, which ſeems 
to ſurround the ſurfaces of all bodies, and which, 
being of a greater or leſs denſity, or exerciſing (if I 
may ſo ſay) a greater or leſs reſiſtance, produces dif- 
ferent effects, as the electric fluid (or ether, if you 
pleaſe) paſſes in and out of bodies, whenever they are 
diſturbed by any external violence; and, were it not 
for this medium ſurrounding all bodies, the electric 
fluid, I apprehend, could neither be accumulated, nor 
detained, in any body whatſoever. 

This principle is very ſimple, and ſeems to be of a 
very general nature. Our great philoſopher adopted 
it from many experiments: he ſuppoſed, that the 
wonderful phenomena of nature, particularly thoſe 
of light, were not to be explained without it; and 


therefore did not ſcruple to propoſe it, as a principle, 


to be farther inquired into. 

I ſhall think my time well employed, if, by theſe 
inquiries, I have at all contributed to ſhew, how much 
we are indebted to this happy Interpreter of Nature, 
and have afforded freſh occaſion, by the light of his 
 labours, to admire, and adore, the int cauſe of all 
things. But whatever may be the ſucceſs of my en- 
deavours, they have at leaſt been attended with a ſa- 
tisfaction, which not a little increaſes that deſire I 
have ever had for purſuits of this kind. I am, 


S IR, 
Your moſt obliged humble ſervant, 
Great Queen-ſtreet, London, Benja. Wilſon. 


Nov. gth, 1759. 
X x 2 XXXVI. 
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iments and Obſervations 
concerning Electricity; by Robert Symmer, 


Eq; ER. S. 


PAPER I. 


Of the Electricity of the human Body, and the Ani- 
mal Subſtances, Silk and Wool. 


Read Feb. 1. had for ſome time obſerved, that upon 

1 I pulling off my ſtockings in an evening 
they frequently made a crackling or ſnapping noiſe ; 
and in the dark I could perceive them to emit ſparks 
of fire, I made no doubt but that this proceeded: 
from a principle of electricity; and I was confirmed 
in this opinion, by obſerving that, in weather favour- 
able for electrical experiments, thoſe appearances were 
more remarkable than at other times. I mentioned 
this obſervation to ſeveral of my friends, and ſome of 
them told me, they likewiſe had often perceived the 
Mapping, and the emiſſion of fire from their ſtock- 
ings upon pulling them off, eſpecially in the winter 
evenings: but I could not hear of any body that had 
taken this phenomenon into conſideration in a phi- 
loſophical way. For my own part, I could not but 


think that ſo ſtriking an appearance, one that ſeems 


to have an immediate connexion with the human 
body, or is at leaſt as much about us as the cloaths 
we wear, and is obvious to the perception of our 
ſenſes, merited not only a philoſophical attention, but 
the ſtricteſt inquiry poſſible. I was the more in- 
| 4 duced 
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duced to ſuch an inquiry, as it ſeemed to me to open 
a new path for proceeding in electrical reſearches, 
and might perhaps throw new light on the great and 
ſurpriſing diſcoveries already made in that branch of 
natural philoſophy. The fimplicity of the appara- 
tus, and the great facility in making the proper ex- 
periments, putting it in my power to begin and carry 
on my enquiry at pleaſure, I entered upon ſomewhat 
of a regular courſe of obſervations about the begin- 
ning of. November laſt; and fince that time have 
purſued it as cloſely as my leiſure, and the weather, 
which has been far from favourable for electrical ex- 
periments, would it. It is the purpoſe of this, 
and of thoſe papers that may follow, to lay before 
the Royal Society an account of the experiments and 
obſervations I have already made, or may hereafter. 
be able to make, in the progreſs of this inquiry. 

My firſt endeavour was to diſcover what fort of 
ſtockings was moſt proper to produce electricity. 
In order to determine this, I tried fingle ſtockings of 
different kinds, pi z. thread, cotton, filk, and worſted, 
putting them on, and wearing them ſome time. On 
pulling them off, I could perceive nothing of elec- 
tricity in the thread or cotton, and no remarkable de- 
gree of it in the filk and worſted. 

When I ſay no remarkable degree of it, it may be 
to be a little more explicit. I muſt therefore 
obſerve, that filk and worſted, being in themſelves 
electric, are both of them, eſpecially filk, extremely 
ſuſceptible of electricity. I have ſometimes obſerved, 
particularly when the weather was favourable, that 
filk, when but barely handled, nay, when but ſim- 
ply touched, has become electrical where it had been 


handled 
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handled or touched, as appeared by its attracting little 
light balls ſuſpended by threads. It cannot therefore 
be ſuppoſed that filk or worſted ſtockings can be put 
upon the leg, without being excited to a ſenſible 
degree of electricity. And thence it is, that when 
taken off they are ſometimes perceived to ſnap, 
though worn fingle. But whatever electricity the 
ſingle ſtocking acquires by friction or otherwiſe, it 
immediately loſes upon being ſeparated from the leg: 
if any electric virtue remains, it is no more than what 
belongs to it as an electriq ſabſtance ceaſing to be ex- 
cited; and it is in ſo ſmall a degree, as in the preſent 

caſe not to merit attention. In general, when I ſpea 
of the electricity in queſtion, I mean ſuch a power 
of electricity as is obvious, and perceptible to the 
ſenſes; ſo that the ſtocking, after being taken off, 
ſhould appear more or leſs inflated ; throw out an 
electrical wind to be felt by the bare leg; attract or 
repel another ſtocking viſibly ; and, upon the touch, 
ſnap, and emit, or receive electrical fire. 
After making the experiment above-mentioned 
with fingle ſtockings, I proceeded to try the effe& of 
two ſtockings upon one leg. Fhis I did with two 
of thread, cotton, worſted, and filk ſucceſſively; but 
this produced no electrical appearance more than be- 
fore. I then combined them one with another, and, 
running through all the different changes, I found 
that none of thoſe I then made uſe of exhibited vi- 
ſible proofs of electricity, but the filk and worſted 
together; and there, indeed, the electric power ap- 
peared remarkably ſtrong. It ſeemed to be a matter 
of indifference whether the ſilk or the worſted was 
uppermoſt, the combination of the two was what 1 
judged 


343 
judged to be eſſential; and happening at that time to 
wear ſilk ſtockings with thin worſted under them, I 
kept to the uſe of theſe, and found it a convenient 
circumſtance in the courſe of my experiments. 

As ſome may have the curioſity to examine the 
obſervations I preſent them with, by experiments of 
their own making; before I proceed further, I ſhall 
furniſh them with a few remarks, which may enable 
them to make their experiments with more eaſe and 
certainty, than if they ſet out unacquainted with 
ſome circumſtances, which I have learnt from expe- 
rience, 3 : 

One of the firſt things to be attended to, is the 
weather, which has an influence on all electrical ex- 
periments, but upon none more than thoſe which 
relate to this branch of electricity. The moſt favour- 
able weather is that which is dry and clear, and, if a 
little froſty, ſo much the better. In general, when 
the quickſilver in the barometer riſes, and the fire 
burns remarkably briſk and clear, we may expect a 
conſiderable appearance of electricity: at other times, 
it is better not to attempt the experiment. 

When the weather is favourable, it is not neceſ- 
fary to wear the ſtockings all day: That, indeed, raiſes 
the electrical power to the higheſt degree; yet, pro- 
vided they be dry, and made warm by the fire, be- 
fore they are put upon the leg, their continuance upon 
it for a very ſhort time, prepares them ſufficiently for 
exhibiting viſible proofs of electricity. If this ſhould 


not anſwer upon the firſt trial, the operation may be 


repeated two or three times, to bring them into a 
proper diſpoſition to receive the electrical virtue; and 
this is no more than what is found to be ſometimes 


neceſſary 
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neceſſary with reſpect to | ar globes and tubes, eſpe- 
cially when new. If the ſtockings have once acquired 
this diſpoſition, they retain it for the day, or until a 
change of weather, and the experiment may be re- 
peated with ſucceſs as often as one pleaſes; for no 
ſooner are they diſcharged of their electricity, than 
they are ready to receive it anew ; nay, if ſpeedily 
returned upon the leg, they catch it inſtantaneouſly, 
and may immediately be pulled off to exhibit a new 
exploſion : what is ſtill more ſurpriſing, they ſeem 
to gather force by the frequency of the repetition, 
and, to ſome certain degree, increaſe in electrical 
power, provided they be all along kept warm and 
dry, and that the leg continue warm. 

Another circumſtance to be carefully attended to, 
is the manner in which they are to be taken off; for 
as to the putting of them on, it is a matter of indif- 
ference how that is performed. In taking them off, 
care muſt be had not to ſeparate them; for if that 
happens in pulling them off, all the electricity eſcapes. 
The beſt way, is to put the hand between the leg and 
the ſtockings, and puſh them off together. Nothing 
more remains to be done, than to pull them aſunder; 
for upon that, they both of them exhibit a degree of 
electricity, which, when at the higheſt, is really ſur- 
priſing. k 

Before I conclude theſe occaſional remarks, it may 
not be improper to obſerve, that it is not abſolutely 
neceflary that the ſtockings be applied to the bare 
leg; if a fine thread ſtocking ſeparate them from the 
leg, though left upon it when they are taken off, it 
does not much impair their electricity. But it is more 


.convenient to uſe the hand inſtead of the leg. The 
inſertion 
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infertion of the hand into the ſtockings, is alone ſuf- 
ficient, eſpecially in favourable weather, to commu- 
nicate ſuch an electric power, as renders them capable 
of anſwering expectation, in ſuch experiments as I 
have had occaſion to make .I now return to my 
ſubject. | 

The opinion I had conceived, that the combination 
of ſilk and worſted was neceſſary for the production 
of electricity, ſeemed to meet with confirmation from 
all the experiments I made with the ſtockings I then 
wore. I was at that time in mourning, ſo that my 
filk ſtockings were black, and under them I conſtant- 
ly wore thin white worſted. About the latter end of 
November I went out of mourning, and of courſe 
changed the colour of my ſtockings. On the ſecond 
of December, having put on a pair of white filk 
above the worſted, after I had wore them ſome 
hours, I reſolved to amuſe myſelf with a few expe- 
riments. The weather was remarkably favourable, 
and I had reaſon to expect a fine appearance of elec- 
tricity : but upon taking off my ſtockings, and pull - 
ing them aſunder, to my great aſtoniſhment, I found 
they diſcovered no figns of electrical power; as I 


* An improvement may perhaps be made upon this, by getting 
a piece of filk or worſted knit, or wove in the ſtocking loom, fo 
that without being cut, it may be formed into the ſhape of long mit- 
tens or ſleeves, or rather into what we might call a filk or worſted 
tube. The reaſon why it ought to be knit, or wove in the ſtocking 
loom, is, that it may better embrace the hand or arm; and like- 
wiſe, that it may be more retentive of electric virtue, which would 
eſcape more eaſily from a piece of ſilk or worſted wove in the com- 
mon loom, and cut with a number of ends of threads expoſed, than 
from any thing formed in the faſhion of chain work, and conſiſting 
of one ſingle thread of ſilk or worſted. | 
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held them in my hands they hung down collapſed, 
and did not more attract one another, than before 
they were put upon my leg. I repeated the experi- 
ment two or three times, but with no better ſucceſs. 
An event I ſo little expected, diſconcerted me much, 
I ſaw I was no longer to aſcribe electricity to the com- 
bination of filk and worſted ; but I remained at a loſs 
to know to what I ſhould aſcribe it. At laſt, upon 
conſidering the circumſtances of this and other expe- 
riments, a conjecture occurred, that the electricity in 
queſtion might depend upon the nature of different 
colours. In order to determine this, I thought it 
faireſt to make the trial in the ſame ſubſtances. Ac- 
cordingly I had recourſe to the following experiment. 
I took a pair of white filk ſtockings, and having 
warmed them at the fire put them both upon the 
ſame leg. After I had worn them about ten minutes, 
I took them off, and pulled them aſunder, but diſco- 
vered no ſigns of electricity in either. I did the ſame 
with a pair of black filk, but to no other effect. I 
then proceeded to the decifive trial. I put a black 
and a white ſtocking upon my leg, and wore them 
likewiſe ten minutes. I waited with ſome impatience 
to ſee the ſucceſs of my experiment, and in return 
had the ſatisfaction of obſerving, upon their being 
pulled aſunder, that each of them had acquired a 
ſtronger degree of electricity than I had before ſeen: 
they were inflated ſo much, that each of them ſhewed 
the entire ſhape of the leg, and at the diſtance of a 
foot and a half they ruſhed to meet each other. I 
went through the ſame experiment with worſted 
ſtockings, and found that, as in filk, nothing but the 
combination of black and white produced electricity. 
| | As 
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As I had often experienced the power of electricity 
in the combination of black filk-with white worſted 
ſtockings, there remained to try but that of white filk 
with black worſted, which anſwered as EF — 
and ſeemed to complete the demonſtration 

A phenomenon ſo new, and of ſo eurious a nature 
as this experiment preſented, could not but for ſome 
time engage my attention. I ſaw, that if this ap- 
ce did not ariſe from ſome accidental or colla- 
teral cauſe, correſpondent effects would follow, upon 
the combinations of the intermediate degrees of light 
and ſhade, between the extremes of white and black. 
J have had a particular attention to this in the e 
riments I have ſince had occaſion to make, and ſo far 
as I have yet been able to go, it appears to anſwer 
my expectation. Neverthelefs, as this is a matter that 
merits a more minute examination, we may hereafter 
take it up as an immediate object of inquiry; with 
a view to determine, if light and colours have, of their 
own nature, a relation with electricity, and in what 
that relation conſiſts. 

In the mean while I ſhall purſue my principal de- 
ſign, which is to inveſtigate from experiments the na- 
ture of that electric virtue, with which the animal 
ſubſtances under conſideration appear to be endued. 
TI have already made ſome progreſs, farther than what 
is contained in this paper; and I ſhall continue to fol- 
low the views that ſeem naturally to open to my in- 
quiry. If I make any diſcoveries, or come at any 
concluſions that may merit the attention of the curi- 
ous, they ſhall, together with the experiments on 
which they depend, be ſubmitted to the judgment of 
this learned Society. 
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New Experiments and Obſervations concern- 
ing Electricity. 


PAPER II. 
Of the Electricity of black and white Silk. 


Read May 1 my former paper, I gave the Society 

10 an account of ſome experiments, made 
with filk and worſted ſtockings; by which it ap- 
peared, that the remarkable degree of electricity they 
had acquired, by being put upon the leg, depended 
on their being of different colours, namely, black 
and white. I did not then, nor do J yet, take upon 
me to determine the cauſe of this phenomenon. 
Whether it be owing to light, which is the origin of 
colours; or only to the ingredients, which enter into 
the compoſition of the ſeveral dyes; or to thoſe con- 
junctly with the colours they produce: in any of theſe 
views the matter is curious, and equally merits a care- 
ful inquiry. — But I fear the ſolution of this, and of 
many other difficult queſtions concerning electricity, 
will depend upon the eſtabliſhment of a more perſect 
theory than we have yet attained to. Till we ſhall 
be ſo fortunate as to diſcover the nature and proper- 
ties of the powers employed in theſe operations, we 
muſt be fatisfied to purſue the path of experiment 
and obſervation, in queſt of thoſe, as firft principles. 
This is the method I ſhall continue to follow; and 
having already ſhewn the manner of electrifying the 
black and the white ſtocking, it is now my purpoſe 
to give an account of the appearances and powers of 
that electricity ſo excited. 
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Having made a great number of experiments ſince 
I had the honour of preſenting my former paper to 
the Society, I have had an opportunity of obſerving, 
that the electricity produced between black and white 
filk, is ſtronger than that between filk and worſted 
of thoſe different colours, and a great deal ſtronger 
than that between worſted and worſted : the laſt is 
fo weak, except in time of froſt, or when a ſharp 
north-eaſt wind blows, that tho' the effects are always 
of the ſame nature, yet they are ſometimes ſo languid 
as to be ſcarce perceptible. I fhall therefore, and for 
the ſake of brevity, confine myſelf, in this paper, to 
what is obſerveable with regard to the electricity be- 
tween black and white ſilk. 

It is proper to mention another circumſtance : 
having found it troubleſome to electrify the ſtock- 
ings, by putting them as often on my leg as-was re- 
quifite in making experiments, I have quitted that 
method intirely ; and ſatisfy myſelf with the degree 
of electricity which is excited in the ſtockings by 
drawing them upon the hand : and this is to be un- 
derſtood with regard to all the experiments and ob- 
ſervations I may have occaſion to mention, unleſs 
when otherwiſe expreſſed. The electricity thus pro- 
duced is not equally powerful with that which is ex- 
cited by means of the leg; but it is nevertheleſs ſuf- 
ficiently ſtrong to anſwer all the purpoſes in view; 
and it is attended with this advantage, that the 
| ſtockings continue longer fit for theſe experiments: 
for, like other electrical aparatus's, they muſt be kept 
clean, and free from all extraneous matter ; and are 
therefore moſt to be depended upon when new, or 
when newly waſhed. 


To 
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To give a diſtinct account of the electricity of black 
and white Glk, I ſhall trace it through its whole pro- 
ceſs, beginning before the ſtockings of the different 
colours are put together. 

After being a little air d at the fire, when the black 
filk is drawn/fingle upon the hand, a crackling noiſe 
is heard}, in the dark, ſparks of fire may be per- 
ceived as paſting between the hand and the ſtocking: 
while it is drawn backwards and forwards the crack- 
ling continues, and is moſt conſiderable upon the ſe- 
paration of the ſtocking from the hand. Thus it ap- 
pears, that black ſilk is highly ſuſceptible of electrici- 
ty ; that it is produced almoſt inſtantaneouſly, or at 
leaſt with very little friction; that moſt of it eſcapes, 
while the ſtocking is yet. upon the hand ; and that, 
upon the total ſeparation, very little remains. This is 
ſimilar to what happens with the glaſs tube, when the 
hand, after paſſing along it in one direction, repaſſes 
it in che other. But ſtill the electricity that the ſtock- 
ing retains, after it is ſeparated from the hand, is con- 
ſiderable enough to attract or repel little light bodies 
at the diſtance of one or two feet: ſome degree of 
inflation in the ſtocking is likewiſe perceiveable; and 
when a non- electric is brought near it, a crackling is 
heard, and in the dark ſparks may be ſeen. If two 
black ſtockings be drawn upon the hand at a time, 
the appearances are much the ſame as before; only 
that the ſtockings, when taken off and ſeparated, give 
ſmaller proofs of electricity, than if each of them had 
been Bug upon the hand. 

Having found it neceſſary, as I a; in my 
conf of experiments, to fix upon ſame method of 


certaining the principal appearances, of electricity, 
and 
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and marking the degree of it, I had recourſe to the 
little pocket electrometer of Mr. Canton's contrivance, 
which is deſcribed in Vol. XLVIII. No. 93. of the 
Tranſactions of this Society. When this inſtrument 
is ſupported by glaſs, it not only ſhews the attraction 
and repulſion, in general, of electriſied bodies, which 
is one of the moſt eſſential 1 of electricity, 
but it diſtinguiſhes between the poſitive and negative 
ſtate of electricity, according to the reciprocal attrac- 
tion or repulſion of the little balls. By the terms 
peſiti ve and negative, I mean only to denote the op- 
poſition of the two different ftates. The particular 
allotment of the one or the other term appears to me 
to be arbitrary; but that I may not differ unneceſſa- 
rily from others, I ſhall apply the word poſitive to 
that ſtate, in which a body is found to be, when 
electrified by the clear glaſs tube, rubbed by the 
hand; and the word negative, when electrified by 
the rough or opaque glaſs tube, of Mr. Canton's in- 
vention (deſcribed in the Tranſaction mentioned 
above), when rubbed in the fame manner, or by ſul- 
phur or wax excited. In other words, when the 
body is in a ſtate of repulfion with the former of thoſe 
tubes, we ſay it is poſitively electrified, and nega- 
tively when in a ſtate of repulſion with the latter, or 
with ſulphur or wax. _ 

Nothing appears to be more wonderful than this 
double ſtate: here electricity ſeems to counteract it- 
ſelf, the electrified body attracting in the one, what 
it would repel in the other cafe, and vice verſa, As 
this remarkable property may be traced, in its conſe- 
quences, through almoſt all electrical appearances, I 
cannot but think it merits great attention, and, when 

it 
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it comes to be better underſtood, may throw much 
light upon the ſyſtem of- electricity. However that 
may be, it was impoſſible for me not to obſerve, that 
it runs through the whole of that branch, which I 
have at preſent under examination, and to which I 
return. 

White filk differs much in electricity from black 
filk. ..When the white ſtocking is drawn ſeparately 
upon the hand, no crackling is heard, nor ſparks of 

fire ſeen in the dark, let it be pulled backward and 
forward ever ſo often: when another white ſtocking 
is drawn on above it, nothing more appears: and, 
when ſeparated from the hand, neither of them diſ- 
covers any figns of electricity, excepting that, when 
brought within a few inches of the electrometer, they 
attract and repel the balls a little. 

If inſtead of two white or two black ſtockings, one 
white, and over that, a black ſtocking be drawn up- 
on the hand, they diſcover not the leaſt ſigns of elec- 
tricity while they continue upon the hand, even tho' 
they ſhould be drawn backwards and forwards upon 
it ſeveral times; nor, when taken together from the 
hand, and preſented to the electrometer, do they ap- 
| pear to have acquired any more than a very ſmall de- 

gree of electricity. They muſt be brought within 
the diſtance of a foot, nay, ſometimes of a few 
inches, before they have any effect upon the balls: 
but the moment they are ſeparated, they are found to 
be both of them highly electrified, the white po- 
. tively, and the black negatively. The circum- 
ſtances, that appear the moſt to merit obſervation, 
are as follow : 
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1*.-When the electrometer is placed on a non- 
electric, and the black ſtocking is preſented to it at 
the diſtance of 3, 4, or 5 feet, according as it ha 
pens to be more or leſs powerfully electrified, the 
balls begin to be viſibly attracted, and when it is 
brought nearer, they are ſeen to be agitated in a vio- 
lent manner, If, inſtead of the black, the white 
ſtocking be preſented at the ſame diſtances, it is found 
to have preciſely the ſame effects, attracting and agi- 
tating the balls in the very ſame manner: From 
whence it appears, that whatever difference there was 
between the electricity of the black and the white, 
under other circumſtances, they each of them ac- 
quire an equal degree of electricity, by being elec- 
trified together. 

29, When the electrometer is ſupported by glaſs, 
and the white ſtocking is preſented to it, it firſt at- 
tracts the balls, and afterwards repels them; when 
taken away, it leaves them in a repulſive ſtate with 
regard to each other; when brought back, it repels 
them as before. If, in place of the white, the black 
be now preſented, the balls are immediately attracted, 
ſoon after again repelled, and left once more in a re- 
pulſive ſtate with regard to each other. If the white 
be again preſented, the ſame train of effects takes 
place as before; and fo on, alternately, as in the caſe 
of the clear and opaque glaſs tubes, when excited ; 
the white ſtocking anſwering preciſely to the clear, 
and the black to the opaque tube, and acting the one 
pofitively, the other negatively, at full as great a diſ- 
tance, and as forcibly, as the tubes. 
39.—Both the ſtockings, when held at a diſtance 
from one another, appear inflated to ſuch a degree, 

Vor. LI. 2 2 ER that, 
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that, when highly electrificd, they give the intire 
thape of the leg; and when brought near the face, 
or any naked part of the body, there is a ſenfation 
felt, as if a cool wind was blowing upon that part. 
When the two white, or the two black, are held to- 
gether by the extremities, they repel one another, 
and form an angle, ſeemingly of 30 or 35 degrees. 
+ 4%,—When a white and a black ſtocking are pre- 
ſented to each other, they mutually attract, with a 
force anſwerable to the degree of electricity they have 
acquired: when brought within the diſtance of three 
feet, they uſually incline towards one another: within 
two and a half, or two feet, they catch hold of each 
other; and when brought nearer, they ruſh together 
with ſurpriſing violence. As they approach, their 
inflation gradually ſubſides; and their attraction of 
foreign objects diminiſhes : when they meet, they 
flatten, and join as cloſe together, as if they were ſo 
many folds of filk ; and then the balls of the electro- 
meter are not affected at the diſtance of a foot, nor 
even of a few inches at certain times. But what 
appears moſt extraordinary, 'is, that when they are 
ſeparated, and removed at a ſufficient diſtance from 
each other, their electricity does not appear to have 
been in the leaſt impaired by the ſhock they had in 
meeting. They are again inflated, again attract, and 
repel, and are as ready to ruſh together as 3 . 
When 


* The phenomena, here remarked, of the black ſtocking and 
the white when electrified ; namely, that, as they approach one 
another, their attractive and repulſive force decreaſes, with regard 
to foreign objects, but increaſes ſurpriſingly, with regard to each 
other; and that their electricity ſuffers no diminution * 5 
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When this experiment is performed with two black 


ſtockings in one hand, and two white in the other, it 
exhibits a very curious ſpectacle: The repulſion of 
thoſe of the ſame colour, and the attraction of thoſe 
of different colours, throws them into an agitation 
that is not unentertaining, and makes them catch each 
at that of its oppoſite colour, at a greater diſtance than 
one would expect. When allowed to come together, 
they all unite in one maſs; when ſeparated, they re- 
ſume their former appearance, and admit of the re 
tition of the experiment as often as you pleaſe ; ll 
their electricity, gradually waſting, ſtands in need of 
being recruited. 

59,—When they are ſeparated from one another, 
they loſe their power very ſoon, much as the excited 
tube does ; but when they are together, they will re- 
tain it for an hour or two, and longer, when the air 
is in a ſtate favourable for electricity. While they 
are aſunder, and any non- electric is brought near 
them; if that non- electric is of a broad ſurface, it is 
with difficulty they are diſcharged of their electri- 
city ; but if the point of any, eſpecially of a metallic, 
body, be prefented, they are inſtantaneouſly deprived 
of their electrical virtue: but if they be in conjunc- 
tion together, they retain their electricity with ſo 
much obſtinacy, that even the ſharpeſt point of me- 
tal cannot deprive them of it. In this, and in ſome 


ſhock of their congreſs, appear to me to be obſervations new in 
electricity, and to merit attention. They ſeem to point out a re- 
tentive power of electricity, which takes place between electrics 
and electrics only; and which, I apprehend, may be found to be 
the cauſe of many curious and fingular phenomena, 
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other reſpects, there appears to be ſuch a reſemblance 
between the Leyden phial, or the electrical pane of 
glaſs, and the black ſtocking in conjunction with the 
white, eſpecially when the one is within the other, 
that I have been induced to conſider them both in the 
ſame light. In both caſes, the poſitive electricity is 
on the one fide, and the negative on the other; and 
the ſtockings, as well as the phial, and tae pane of 
glaſs, are at once electrified pofitrvely and negatively, 
In both caſes there is an accumulation of electricity, 
and a retention of it, far beyond what is to be met 
with in a ſimple body, electric or non- electric. There 
is, however, a very remarkable difference between 
them in two reſpects. In the phial, and in the pane 
of glaſs, an exploſion is always obtained by carrying 
on a communication between the two ſides by the in- 
terpoſition of a non-eleEtric ; but, in the caſe of the 
black ſtocking and the white, I never yet have been 
able to procure an exploſion, nor ſo much as a ſpeedy 
diſcharge, by any means I could think of, while the 
one was within the other. I have put one hand 
within the innermoſt, and with my other have claſped 
the outward ſtocking; nay, I have thruſt in my 
hand, and turned the ſtockings inſide out, and, in 
that condition, have daſhed them againſt the floor ; 
and all this without procuring the leaſt perceptible 
diſcharge. On the other hand, the phial and the 
pane of glaſs afford no opportunity of ſeparating the 
pofitive from the negative electricity, fo as to ſhew 
them intire and diſtin&t from each other; whereas 
we need only pull the ſtockings aſunder, and then in 
the white we find the peſitive, and in the black the 
negative electricity. n 
0, 
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69. When the ſtockings are ſeparated, and in the 
dark, upon preſenting to them the point of one's 
finger, or any ſmall metallic body, rounded at the 
end. they exhibit the appearance of electrical fire or 
light, according to the negative or poſitive ſtate of the 
ſtocking the object is preſented to. With the black, 
at the diſtance of two or three inches, there appears 
to dart from the end of one's finger a ſprig or pencil, 
as it were, of fiery ſparks, which dilates in its pro- 
greſs, and ſtrikes againſt the ſur face of the ſtocking : 
at the fame time a crackling, or ſnapping noiſe, is 
heard. When the firſt diſcharge is made, upon pre- 
ſenting the finger to a freſh part of the ſtocking, the 
fame phenomenon is repeated, till you have traverſed 
the whole length of the ſtocking, which, when the 
finger moves ſlowly, uſually yields eight or ten diſ- 
tinct diſcharges, before it is diveſted of its electricity. 
With regard to the white ſtocking, the ſame appear- 
ances hold; but with this difference, that, inſtead of 
ſparks of fire iſſuing from the finger, a little globuie 
of white or blueiſh light is ſeen at the point of it; 
and, when the electricity 1s ſtrong, that little body of 
light ſeems to break in an exploſion between the 
ſtocking and the finger; and rather a hiſſing than a 
crackling noiſe is heard. 

7%.—The electrical phial may be charged by the 
ſtockings, either pœſitively or negatively, according as 
the wire from the neck of the phial is preſented to- 
the white or the black; and in the one, or the other 
caſe, the hiſſing, or the crackling noiſe, is louder 
than when any common wire, or non-electric body, 
is preſented : but if the electricity of the white ſtock- 
ing be thrown into the phial, and upon that the 
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electricity of the black, or vice verſa ; in that caſe, 
the phial will not be electrified at all. 

The charging of the phial was among the firſt of 
my experiments with electrified ſtockings. By ſome 
trials I made in the month of December laſt, I found 
it would ſucceed. One froſty evening in that month, 
having thrown into a ſmall phial, filled with quick- 
filver, the electricity of one black ſtocking, I receiv- 
ed from the exploſion a ſmart blow upon my finger. 
With the electricity of two ſtockings, the blow reach- 
- ed both my elbows; and, by the means of four, I 
kindled ſpirits of wine in a tea- ſpoon, which I held 
in my hand, and, at the ſame time, I felt the blow 
from my elbows to my breaſt. It may not, however, 
be improper to obſerve, that the electricity, in this 
caſe, was excited by means of the leg. 

From what hath been ſaid in the preceding pages, 
it is evident, that all the remarkable appearances of 
electricity, hitherto diſcovered, may be exhibited by 
a fimple apparatus of black and white filk. But this 
is not all: in the courſe of experiments above-men- 
tioned, ſomething curious has occurred to my obſer- 
vation, of which I do not find that any notice has 
been taken by others. — What I mean is, a ſtrong 
coheſion produced by electricity. But as this paper 
is already extended to a great length, I ſhall reſerve 
the account of electrical coheſion for another, which 
I ſhall ſoon have the honour of preſenting to the 
Society. 
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New Experiments and Obſervations concern- 
ing Electricity. 


PAPER III. 
Of Eledtrical Coheſion. 


Read June 21, Ccording to what I promiſed in the 

739 concluſion of my laſt paper, I come 
in this to give the Society an account of coheſion pro- 
duced by electricity. I had not made any great pro- 
greſs, in the ſeries of experiments and obſervations I 
have already had the honour to communicate, before 
J perceived that the black and white ſtocking, when 
electrified, and allowed to come together, not only 
Joined extremely cloſe, but aCtually ſtuck to each 
other; inſomuch that unleſs when weak in electrici- 
ty, or improperly applied, I could make the white 
bear the weight of the black, or the black that of the 
white, and that for a conſiderable time. But as the 
weather, for ſome months in winter, was ſo ſeldom 
favourable for electrical experiments, that I had 
ſcarcely opportunities ſufficient to ſatisfy myſelf with 
regard to other points, I did not enter upon an ex- 
amination of this phenomenon experimentally, till 
about the latter end of March. By that time, I had 
got ready the ſcale of a balance properly fitted with 
a hook to catch hold of the ſtocking, a ſet of Troy- 
weights I could depend upon, and an exact pair of 
ſcales, to take the preciſe weight of the ſtockings as 
occaſion ſhould require, 
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By experience I found that the ſame pair of ſtock- 
ings did not always do equally well, even indepen- 
dently of the weather ; and that, by being too fre- 
quently electrified at a time, their virtue appeared to 
diminiſh, I therefore judged it proper to be provided 
with changes of pairs ; and that there might be the 
greater conformity between the experiments, I choſe 
them as exactly as poſſible of the ſame ſize and ſub- 
ſtance. The ſort I fixed upon, is what is called half 
gauze; the weight of the white ſtocking, at an ave- 
rage, 18 dt, and 10 gr. but when died black, 1 oz. 
and 1 dt. the weight being increaſed, by the dying 
of that colour, above 5 det. in the pair. When the 
white and the black ſtocking were warmed at the fire, 
fo as to be prepared for electricity, they uſually loſt 
about a twentieth part of their weight; ſo that in the 
courſe of my experiments I rate the white at 17 
fwt. and +, and the black at 1 oz. The ſcale, with 
the ſilk lines that belonged to it, and the hook, was 
adjuſted precitely to the weight of 1 ; and as I 
commonly meaſured the ſtrength of coheſion by fix- 
ing the hook to the black ſtocking, and taking hold 
of the white, I had but to make an allowance of 
2 02. more than the weights put into the ſcale, fo as 
to take the precite weight the ſtockings could raiſe 
by the power of cohetion. 

I meaſured this power two different ways; the fuſt 
vyhilſt the one ſtocking was ſtill within the other; ſe- 
condly, when ſeparated, and the one afterwards ap- 
plied externally to the other. In the firſt of theſe 
caſes, it may be thought that an allowance ſhould be 
made for the friction in pulling the ſtockings aſunder ; 
but that appeared to me to be very inconſiderable; for 

when 
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when thoſe of the ſame colour were put one within 
the other, and inverted, they dropped aſunder of them- 
ſelves; or if there was any intanglement about the 
heel, a little ſhaking diſengaged and ſeparated them : 
however, if it ſhould be thought proper, the allow- 
ance of an ounce may be made, by deducting fa 
much from the weight reſpectively found. 

I have but one circumſtance more to mention, be- 
fore I proceed to give the reſult of my experiments ; 
which is, that we muſt not be ſurpriſed, when we 
find the force of coheſion externally, to be in no re- 
gular proportion with that within ; for when the 
ſtockings are highly electrified, they ruth together 
with ſuch impetuoſity, that it is extremely difficult 
to direct their motion, and make them meet in the 
manner moſt advantageous for coheſion. 

In the experiments I have made, to meaſure the 
force of electrical coheſion, I have always found it 
anſwerable, ſo far as I could judge from appearances, 
to the degree of electricity at the time excited. 
When the ſtockings have been but weakly electri- 
fied, I have found them unable to ſupport the weight, 
the one of the other. When in a more powerful 
ſtate of electricity, I have known them to raiſe, re- 
ſpectively, from one to twelve ounces, and upwards ; 
nay, once I found the coheſion ſo ſtrong as to move 
ſeventeen ounces, including the ſcale and the black 
ſtocking. For the ſake of accuracy, I fhall give a 
particular account of the reſult of a few of my moſt 
remarkable experiments, as I find them in the notes, 
which I took at the time of making them. | 

The firſt I find is of the 3oth of March; the 
wind at north-eaſt ; the weather clear, inclining to 
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froſt. The white ſtocking within the black, raiſed 
the weight of 1 Ib. 1 oz. 6 dut. +, half a pennyweight 
more ſeparated them. I find no note here taken of 
the weight born by the ſtockings applied externally 
to each other. 

April 6. A hazy and wet morning; but the 
wind at north-eaſt. With new ſtockings; the white, 
being within the black, raiſed 11 .— without, 6 oz. 
With another pair, that had been much uſed in ex- 
periments; the white, within, raiſed 602, - without, 
3 or. 

April 16. A clear dry morning; the wind at 
north-eaſt ; Fahremheit's thermometer at 48. Of 
the new, the white ſtocking, within, raiſed 1 15. 
5 o. — without, 6 oz. 15 dut.— Of the old, the 
white ſtocking, within, raiſed 8 . — without, 5 oz. 
15 dwt,— 3 | 
The laſt obſervation I find marked, is of the 19th 
of May; the weather clear; the wind at north-eaſt; 
the thermometer at 55. The white, within the 


black, raiſed 10 0z.—and without, 6 cz. 


It is to be remarked, that by this time I had got 
the old ſtockings waſhed; and now there appeared 
little or no difference between the power of them and 


of the newer pairs; though the latter had till the 
advantage. 

In making the experiments, it was neceſſary to loſe 
as little time as poſſible, on account of the waſte of 
electricity: I could therefore ſeldom proceed to the 
accuracy of fractions of a penny weight; nor often 
indeed of thoſe of an- ounce; and this is the reaſon 
that my notes run generally in round numbers, which, 


however, may be depended upon. 
| The 


J 363 
The greateſt weight I have been able to raiſe by. 


the force of electrical coheſion, as appears above, has 
been ſeventeen ounces. Now the white ſtockin 

which weighed but 17 dut. and an half, bore all this 
weight: in this caſe therefore it raiſed, by the ſtrength 
of its coheſion with the black, 340 pennyweight ; 
that is, nearly twenty times its own weight. And 
if we conſider that the force, applied to ſeparate them, 
acted in a direction parallel to the ſurfaces, by which 
they cohered; and that when the ſurfaces are ſmooth, 
a force acting in ſuch direction, has much greater in- 
fluence in ſeparating bodies, by making them flide 
gently over one another, than if thoſe bodies were 
rigid, and the force employed to ſeparate them acted 
in a direction perpendicular to the cohering ſurfaces ; 


— * 


„ 


* As the iments mentioned above were made in the ſpace 
of fix or ſeven weeks from about the latter end of March, when 
the temperature of the air begins to be leſs favourable for electrici- 
ty, I did not doubt, but upon the approach, and during the progreſs 
of the enſuing winter, I ſhould meet with inſtances of a ſtronger 
degree of coheſion, than I had before been able to aſcertain. Ac- 
cordingly, ſince this paper was read in the Royal Society, and par- 
ticularly in the months of November, December, and January laſt, 
at times, when the weather was clear and froſty, I found that the 
ſame ſtockings lifted conſiderably more, than I had been able to make 
them do in the preceding months of March, April, and May. I 
likewiſe found, that when the ſtockings were perfectly new, or the 
black dipt afreſh, and the white newly cleaned and ſulphured, as 
alſo, that when they were of a more ſubſtantial make, ſuch as thoſe 
that are wove of ſpun filk, weighs commonly about the double 

of thoſe that go by the name of halt gauze, their power of cohe- 
fion, when favoured by the temperature of the air, increaſes to a 
very conſiderable degree. Under thoſe circumſtances, at particular 
times, I have been able to make the black ſtocking, or the white, 
when the rough fides of each were put together, raiſe (the half 
gauze) from 20 to 40, and (of ſpun ulk) from 40 to go times its 
own weight. Vide the ſubſequent letter from Dr. John Mitchell 
to the Rev. Dr. Birch. 
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when we confider this, I fay, it will be hard to de- 
termine how great the ſtrength of their cohefion ma 
be. 
The experiment may be tried with two plates of 
glaſs, the one electrified Knab the other nega- 
tively. As in that caſe the principle, upon which 
the coheſion of the white with the black ſilk depends, 
would take place, I make no manner of doubt but 
the effect would be the fame. I have not had an op- 
portunity of trying the experiment: but I ſhould ex- 
pect that the two plates would be found to cohere 
with greater force, than I have been able to aſcertain 
in the ſtockings; as a contrivance might be made to 
pull them aſunder in a direction perpendicular to 
their cohering ſurfaces. | 

The force with which the black and the white 
ſtocking cohere, is not the only thing remarkable in 
their junction. The ſolution of that coheſion, and 
the different degrees of tenacity, according to differ- 
ent circumſtances, afford ſome curious obſervations. 

When the black and the white ſtocking are in. co- 
hefion with each other, if another pair, more highly 
electrified, be ſeparated, and preſented to the former 
ſtill in conjunction, the black to the white, and the 
white to the black; in that caſe, the cohefion of the 
firſt pair will be diſſolved, and each ſtocking of the 
ſecond, will carry off that of its oppoſite colour ad- 
hering to it. If the degree of electricity of both 
pairs be equal, the coheſion of the firſt pair will be 
weakened, but not diffolved ; and all the four will 
cohere, forming as it were one maſs. If the ſecond 
pair be but weakly electrified, the coheſion of the 
firſt pair with one another will be but little impair- 


ed, 
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ed, and that of the ſtockings of the ſecond with 

thoſe of the firſt, will be weak in proportion. And 

laſtly, if the ſecond pair be not at all cleQrified, or 

if, in their place, any other body not electrified be 
= there will be no effect produced on either 


White filk and black, when electrified, not only 
cohere with each other in the manner ſhewn above, 
but when in a high degree of electricity, are found, 
both one and the other, to adhere to bodies of broad 
and even, or poliſhed furfaces, though thoſe bodies 


be not electrified. This adhefion I diſcovered acci- 


dentally. While I was about ſome electrical expe- 

riments, having, without defign, thrown a ſtocking, 
that was highly electrified, haſtily out of my hand, 
I was ſurpriſed to find it ſome time after, ſticking 
againſt the paper-hangings of my room. This led 
me to make the following experiments. 

I preſented the white and the black filk, highly 
electrified, and in coheſion with each other. to the 
hangings; but no effect was produced. I then ſepa- 
rated the black from the white, and preſented them 
fingly ; in that caſe each of them readily adhered to 
the hangings, which they likewiſe did when flung 
from a little diſtance, and cpntinued there for near 
an hour before they dropped. Having ſtuck up the 
black and the white, in the manner above-mention- 
ed, I came with another pair of ſtockings highly 
electrified, and applying the white to the black, and 
the black to the white, I carried them off from the 
wall hanging on thoſe that had been applied to them. 
When the ſecond pair were electrified, but to a mo- 


derate degree, on applying them, in the manner above 


deſcribed, 
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deſcribed, the former immediately quitted their hold 
of the hangings, and dropped to the ground. The 
ſame experiments held with the tw c boards of the 
room; and likewiſe with the looking-glaſs ; to the 
laſt of which, both the black and the Sls ſilk, ap- 
peared to adhere more tenaciouſ] Ys than to either af 
the former. 

I am afraid I have preſumed too much on the pa- 
tience of the Society, by giving fo full a detail of my 
experiments and obſervations, on a branch of elec- 
tricity, that takes its riſe from ſo ſingular, and fo 
mean a ſubject as that of black and white falk : But 
however particular the ſubject may be, the properties 
of electricity that are thence tally deduced 


imen 
are of a general nature, and muſt find a place in every 
true ſyſtem of electricity If any apology be wanted, 
the beſt I can make, is to endeavour to draw ſuch 
inferences from the experiments above recited, as 
may poſſibly throw new light upon the theory of 
electricity. 

But left I ſhould ſwell this paper to too large a ſize; 
and as the ſeaſon is at hand when the Society uſually 
adjourns for ſome months; I think it beſt to defer 
any matter I may have to offer, concerning the the- 
ory of electricity, till a convenient time after our next 
meeting. I ſhall only beg leave at preſent, to men- 
tion one or two things, which I have not hitherto 
had a proper opportunity of throwing out. 

It hath been ſaid, that the influence of colours in 
electricity is no new diſcovery; that Monſ. Du Fay 
had treated at large upon the ſubject; and, after a va- 
riety of experiments, had concluded, that colours, as 
ſuch, had no effect in electricity; but that whatever 


Was 
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was remarkable in that way, was owing to the change, 
which the ingredients of the dye produced upon the 
coloured body. I had not then ſeen what Monſ. Du 
Fay wrote upon the ſubject ; but as I have ſince, I 
ſhall take the liberty to ſtate this matter fairly. 

The late Monſ. Du Fay, an ingenious member of 
the Academy of Sciences at Paris, to whom we owe 
ſome 3 diſcoveries in electricity, gives an ac- 
count of what is here alluded to, in a memoir, pre- 
ſented in the year 1733. Electricity was at that time 
in its infancy; Mr. Hawkſbee had, but a little before, 
publiſhed an account of his experiments; which 
brought ſuch ſurpriſing appearances of electricity to 
light, as could not but induce the curious to turn 
their eyes upon that ſubject. In the courſe of thoſe 
experiments, he had taken notice of ſomething re- 
markable with regard to colours. Mr. Gray ſuc- 
ceeded, and having opened a new path, made ſtill 
further diſcoveries in electricity: he likewiſe, in giv- 
ing an account of what he had obſerved, hinted at 
ſomething curious with regard to colours. But nei- 
ther of them appear to have come to any determined 
point in this matter. Monſ. Du Fay, who concur- 
red with Mr. Gray, in carrying on electrical diſco- 
veries, with a candour and ingenuity that did honour 
to them both, having entered upon an enquiry (the 
ſubject of the memoir above-mentioned) to determine 
what ſort of bodies were moſt ſuſceptible of electri- 
city, thought proper, in confequence of what had 
fallen from Mr. Hawkſbee and Mr. Gray, to exa- 
mine what effe& the different colours had in aug- 
menting or diminiſhing the electricity of different 


ſubſtances. 
Accordingly 
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Accordingly he ranged a number of ribbands, of all 
the primitive colours, hanging them in the ſame ver- 
tical plane; and to theſe he applied an excited glaſs 
tube, in an horizontal direction. Upon this he ob- 
ſerved, that the black was firſt attracted ; and, as he 
brought the tube nearer, the white next; and the reſt 
ſucceſſively, though not always in the fame order. 
He made another experiment, in the ſame view, with 
gauzes of different colours, through which he tried 
the force of an excited tube, upon light bodies placed 
at a proper diſtance behind them : and from the re- 
ſult he was of opinion, there was ſomething in the 
influence of colours. But having afterwards tried 
ſome experiments with the coloured rays of the ſun 
as refracted by a priſm, with flowers of different co- 
lours, and with white ribbands rubbed over with dif- 
ferently coloured ſubſtances, he began to change his 
opinion. He likewiſe had recourſe to what he calls 
a decifive experiment: he dipped his different-colour- 
ed ribbands in water; and when they were all equal- 
ly wetted, he applied his tube, and found they were 
all equally attracted. From this laſt-mentioned ex- 
periment, in particular, he cencluded that colours, as 
colours, had no effect in electricity; but that all was 
owing to the ingredients of the dye imbibed by the 
coloured body. 


It is not my purpoſe here to inquire, whether 
Monſ. Du Fay's concluſion is well or ill founded. 


Whatever may be the deciſion of that point, I ap- 
prehend the whole of this affair hath very little con- 
cern with what hath been the ſubject of theſe papers, 


and could have been of little uſe to me, had I been 
acquainted with it before, 


The 
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The ſeries of my experiments, however inconſi- 

derable they may prove in the reſult, have taken a 
turn I did not at firſt foreſee. I ſet out with inquir- 
ing into the nature of an electricity, that ſeemed to 
have ſome connexion with the human body: I had 
made but little progreſs when I was ſurpriſed with an 
appearance of electricity, ariſing from the contraſt of 
two colours, or coloured bodies of the ſame ſub- 
ſtance: I met with it in my experiments, perpetual- 
ly poſitive and negative; and under that appearance 
have followed it through a variety of its operations. 
The notions it hath led me to conceive, are different 
from thoſe I had before entertained of electricity. 
Such as they are, they ſhall, in due time, be freely 
ſubmitted to the judgment of the Society. 
Having been told by one or two of my friends, that 
they had tried ſome of the experiments mentioned in 
the preceding papers, but could not get them to ſuc- 
ceed ; I beg leave to add a few words, before I con- 
clude, by way of caution to any, who may have a 
curioſity to verify my experiments. 

However caſy it may ſeem to be, to follow the di- 
rections I have already given in electrifying the ſtock- 
ing, I am ſenſible from my own experience, that an 
attention to a number of little circumſtances, beſides 
ſome ſmall degree of addreſs, is requiſite, in order to 
make it ſucceed readily. This is known to have been 
the caſe with the electrical tube and globe: few peo- 
ple, at firſt, knew how to manage them ſucceſsfully ; 
and yet glaſs is not ſo much expoſed to many incon- 
veniencies, that affect electricity, as filk. To give 
but one inſtance of this : we know that a very ſmall 
quantity of duſt, greaſe, or any other matter that 
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ſticks to the tube, will injure its electricity: Now 
this is what may eaſily be wiped off from glaſs; but 
it may be very difficult to clear the filk of it, as filk 
is of a nature more apt to imbibe, and to retain ex- 
traneous matter than glaſs. — From theſe conſidera- 
tions, I ſhould not be ſurpriſed at any perſons being 
diſappointed, as to the ſucceſs of their experiments, 
in a few trials; but I ſhould think it not fair for them 
to conclude from thence, that thoſe above-recited are 
not to be depended upon *. Yet, if any member of 
the Society, who is curious in theſe matters, hath not 
been able to ſatisfy himſelf with regard to any parti- 
cular experiment, I ſhall think it no trouble to ſhew 
him, at any proper time, how it ſucceeds with me. 


— 
— 


The circumſtances neceſſary to be attended to, in order to 
procure the moſt conſiderable appearance of electricity, are as fol- 
low. 10. That the wind be in the north, north-eaſt, or eaſt; the 
weather clear and froſty, or inclining to froſt. 29. That the ſtock- 
ings be of ſilk; one of a good black, the other of a clear white 
and both of the ſame ſize and ſubſtance, 30. That they ke new; 
or be kept carefully wrapt up in paper, and only uſed in electrical 
experiments. 49. And laſtly, That they be dried before the fire, 
and warmed to about the degree of heat of the human body, before 
they be drawn upon the hand or leg. And when taken off, care 
ſhould be had in ſeparating them, ſo as to keep them at a diſtance 
from one's clothes, or any thing that may leſſen their virtue. The 
circumftances above-mentioned, might be gathered from what has 


been ſaid in theſe papers; but I thought it not amiſs to bring them 
together in this note. 
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New Experiments and Obſervations concerning 
Electricity. | 


FATER 1, FART-I 
Of Two diſtin Powers in Electricity. 


Read Dec. 8 Obſerved, in the papers I have already 
IS: had the honour of communicating to 
the Society, that the different ſtate of electricity, as 
diftinguiſhed into poſitive and negative, was a leading 
circumſtance in all electrical appearances ; and that, 
if followed out with due attention, it might bring us 
to a clearer view, than we yet have had, of the 
powers that nature employs in thoſe wonderful ope- 
rations. Nothing could be more proper to ſerve this 
purpoſe, than the ſimple apparatus I had all along 
made uſe of. It conſiſted of two electric bodies, of 
which, when they were excited, one never failed to 
aſſume the poſitive, the other the negative ſtate of 
electricity. The obſervations I had frequent oppor- 
tunities of making, with regard to the manner in 
which they acted, in theſe different ſtates, on other 
bodies, and on each other reciprocally, confirmed 
me in a notion, which, in the courſe of my expri- 
ments, I had very early conceived. 
Muy notion is, that the operations of electricity do 
not depend upon one ſingle poſitive power, according 
to the opinion generally received; but upon two 
diſtinct, poſitive, and active powers, which, by con- 
traſting, and, as it were, counteracting each other, 
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produce the various phenomena of electricity ; and 
that, when a body is ſaid to be poſitively electri- 
fied, it is not ſimply that it is poſſeſſed of a larger 
ſhare of electric matter than in a natural ſtate; nor, 
when it is ſaid to be negatively electrified, of a 
leſs; but that, in the former caſe, it is poſſeſſed of 
a larger portion of one of thoſe active powers, and 
in the latter, of a larger portion of the other ; while 
a body, in its natural ſtate, remains unelectrified, 
from an equal ballance of thoſe two powers within 
it. 


I do not here undertake to give a ſyſtem of electri- 
city. It is the deſign of this paper to _ the 
grounds of my opinion, only ſo far as it reſts upon 
obſervation and experiment. If the proofs I have to 
offer ſhall be found concluſive, and it be allowed, that 
two diſtin& and counteracting powers prevail in elec- 
tricity, one of them correſponding with the poſitive, 
and the other with the negative ſtate ; in that caſe, 
the truth thus eſtabliſhed, may afterwards be aſſumed 
as a principle in theory ; and we may try how far it 
will ſerve in accounting for the various appearances of 
electricity. But even then, I ſhould not think of 
troubling the Society with diſcuſſions of ſo great a 
length, and of ſo fpeculative a nature, as thoſe uſually 
are that relate to theory. 

I might bring arguments to prove the exiſtence of 


two diſtinct powers in electricity, from a variety of 


obſervations and experiments, fome of them taken 
from among thoſe mentioned in the preceding papers: 
But as the bounds I preſcribe to myſelf in this, do not 
permit me to enter upon ſo large a field, I ſhall con- 
fine myſelf to ſuch obſervations. only, as have fallen 


within 
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within my notice, in one particular branch of elec- 
tricity, that which relates to the Leyden phial. 

All who allow of poſitive and negative electricity, 
know, that the phial, when charged, exhibits elec- 
tricity in thoſe two ſtates, the one within, the other 
on the outſide; and that when a communication is 
made between the two, by the means of a non-elec- 
tric touching the coating, and at the ſame time ap- 
proaching the wire, or vice verſd, the exploſion is 
produced, and the phial diſcharged. This reduces 
the queſtion to a narrow compals ; for if, upon the 
diſcharge of the phial, we meet with proofs not only 
of a power acting from within to the outſide, but alſo 
of a power acting at the ſame inſtant from the out- 
fide to within, then, I think, we may fairly conclude, 
that what is called zegat:ve electricity is, in reality, a 
poſitive active power; and that electricity, in gene- 
ral, conſiſts not of one alone, but of two diſtinct, 
poſitive powers, acting in contrary directions, and 
towards each other. 

The proof I ſhall offer firſt, is founded on the fol- 
lowing experiment. When the phial is electrified but 
a little, if we touch the coating of it with a finger of 
one hand, and at the ſame time approach a finger of 
the other hand to the wire, we ſhall receive a pretty 
ſmart blow upon the tip of each of the fingers, the 
ſenſation of which reaches no farther : If the phial 
be electrified a degree higher, we ſhall feel a ſtronger 
blow, reaching to the wriſts, but no farther : When 
again it is electrified to a ſtill higher degree, a ſeverer 
blow will be received ; but will not be felt beyond the 
elbows: Laſtly, when the phial is ſtrongly charged, 
the ſtroke may be perceived in the wriſts and elbows; 
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but the principal ſhock is felt in the breaſt, as if a 
blow from each fide met there. This plain and 
ſimple experiment ſeems obviouſly to ſuggeſt to ob- 
ſervation, the exiſtence of two diſtinct powers, acting 
in contrary directions: And I believe it would be held 
as a ſufficient proof by any who thould try the expe- 
riment, with a view to determine the queſtion ſimply 
from their own perceptions. 

But as I am ſenſible, that the proof of any import- 
ant point in philoſophy, ought not to depend upon 
the perceptions of this or that particular perſon, I 


judged it neceſſary to have recourſe to experiments, 


the reſult of which might admit of no ambiguity. 
The fortunate diſcovery of M. Muſchenbroek and 
M. Allamand, with the improvements that have ſince 
been made upon it, puts it in our power to increaſe 
electricity to what degree we pleaſe. I did not there- 
fore deſpair of the means of bringing this matter to a 
fair deciſion. I expected, that if an electrical ſtroke 
ſhould be made to paſs through a ſolid body, with fo 


much force as to pierce and tear the ſubſtance of it, 


ſuch marks would be left, as might enable us, with 
certainty, to trace the courſe of the electrical power 
in its paſſage through the body. 

Having no apparatus of my own capable of pro- 
ducing ſuch effects, I had recourſe to a worthy mem- 
ber of this Society, doctor Franklin, who was poſ- 
ſeſſed of a very good one. I had communicated all 
my obſervations to this gentleman as they occurred, 
and, in return, met with an ingenuity and can- 
dour, that render him as eſtimable in private life, as 
the improvements he has introduced into electricity, 
and particularly his diſcovery in relation to * 
an 
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and lightning, will render his reputation laſting in the 
learned world. We differed in opinion with regard 
to the point in queſtion ; nevertheleſs I found him 
ready to give me all the aſſiſtance in his power, for 
bringing the matter to a fair deciſion. I had ſeen 
him pierce a quire of paper with a ſtroke of electri- 
city; and as I perceived it had been ſtruck ſeveral 
times before, I defired he would give it me, that I 
might at leiſure examine the effects of the ſundry 
ſtrokes. 

When I came to do ſo, I obſerved, that at every 
hole which had been made through the quire, the 
upper and the under leaf {for the quire had been laid 
in an horizontal poſition when it was ſtruck) were 
ragged about the orifice, and thoſe ragged edges 
pointed moſtly outwards from the body of the quire. 
But what was more material ; when I came to turn 
over the leaves, I found, that the edges of the holes 
were bent regularly two different ways (and more re- 
markably fo about the middle of the quire), one part 
of each hole upwards, and the other part downwards; 
fo that, tracing any particular hole as it traverſed the 
quire, I found on one fide the fibres pointed one way, 
and on the other ſide the other way ; much in ſuch a 
manner, as if the hole had been made in the quire, by 
drawing two threads in contrary directions through 
It. 

This was not all: A piece of paper, covered on one 
ſide with Dutch gilding, had been accidentally left 
between two leaves in the quire, and had been pierced 
by two different ſtrokes. This exhibited a very re- 


markable appearance : Where each of the ſtrokes had 


been given, the gold leaf was ſtripped off, and had 
| left 


9 * © & *'S 


» 


: 
. 
. . 
1 
ö 1 
) 
| 
N + 
o 
a 
os / 

. , 

* 

. 

5 

N e 
& 0 
nl | 

w l * 
by * 
4b 1 
1 
N N 
| F 
= 
* 
1 
4 \ 
| | 
, 
| 
: =. 
- % 
: 

7 : 

. 
4 N 
0 10 
. 
* » 
1 

od * 
"WM 

[ 1 

b ö 

. 

4 1 
xk ' 
. 

1 
43 it? 
xz 9 4 
: 
} : 
41% 3 
. 6 
3 - 
=_ 7 
4 
4 4 
1 hays 
: 08s 
: . 
- 
s | 
\ L 
5 * 
3 , 
* 
=o 
I 
1 : 
1 e 
* 
= 
1 i 
57 - 
* 

[1 - 

+ * 
Ti | TW 
mz | 
1 4 
2 64 
1 
IN } 4 


2 


CF 
—— 
—— 
= 
ES 
4 
"= 1 
3 


— —— 
*% 3. — * 


* 
2 
— 
> 


>> 
„ 


— + Sn og —— 
—_ = - - 
RE 


[ 376 ] 


left the paper bare for a little ſpace, in an oblong 
form, rounded at the ends; in which, at the diſtance 
of about a quarter of an inch from each other, ap- 
peared two points, one of them a little round hole, 
the other only an indent or impreſſion, ſuch as might 
have been made by the point of a bodkin. In the 
leaf, which fronted the gilding, two ſuch points 
likewiſe appeared, correſponding to thoſe above-men- 
tioned ; ſo that the hole in the one was oppoſite to 
the impreſſion in the other, but ſurrounded with 
little black or blueiſh circles. When the hole, which 
had been ſtruck in the quire, was traced from above 
down to the gilding (for the gilt paper n er to 
lie with its gilded ſide uppermoſt), it was found to 
terminate on the point in the gilt paper where the 
impreſſion appeared, and there the impreſſion pointed 
downwards. Again, when the hole in the lower 
part of the quire was traced from below upwards, it 
was found to terminate on the point in the leaf front- 
ing the gilding, where the impreſſion was, and there 
the impreſſion pointed upwards. The facts above- 
mentioned ſeem to leave it without doubt, that the 
ſtroke had been given, at the ſame inſtant, upwards 
and downwards ; but that the electrical power from 
above, and from below, had ſeized upon the gilding, 
diſſipated part of it in vapour, and by that means be- 
come ſo weak, that each of them could afterwards 
only make an impreſſion upon the paper, marking 
the reſpective directions of their courſe. 

I communicated theſe obſervations to Dr. Franklin; 
but as no concluſion can, with certainty, be drawn 
but from facts, confirmed by repeated trials, I de- 
fred to have the ſatisfaction of making a few expe- 

riments 
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riments with him in relation to this matter ; to which 
he readily conſented. For that purpoſe I waited 
upon him one morning about the middle of June 
laſt; and the better to aſcertain what was eſſential in 
the facts, I varied the circumſtances a little from 
thoſe above. 

In the middle of a paper-book of the thickneſs of 
a quire, I put a ſlip of tin- foil; and in another of the 
ſame thickneſs I put two flips of the ſame ſort of foil, 
including the two middle leaves of the book between 
them. Upon ftriking the two different books, the 
effects were anſwerable to what I expected. In the 
firſt, the leaves on each ſide of the foil were pierced, 
while the foil itſelf remained unpierced; but, at the 
ſame time, I could perceive an impreſſion had been 
made on each of its ſurfaces, at a little diſtance one 
from another; and ſuch impreſſions were ſtill more 
viſible upon the paper, and might be traced as point- 
ing different ways. In the ſecond, all the leaves of 
the book were pierced, excepting the two that were 
between the ſlips of foil; and in theſe two, inſtead 
of holes, the two impreſſions, in contrary directions, 
were very viſible. 
I have lately got an electrical apparatus of my own, 
formed on the model of that of Dr. Franklin's, and 
have had opportunity fince, of making frequent repe- 
titions of the experiments above-mentioned. Not- 
withſtanding ſome little variation in appearances, 
ariſing, as in other electrical experiments, from the 
particular ſtate of the weather, the different degree 
of electricity, or other accidental circumſtances, I 
have met with nothing but what confirms me in my 
opinion of two diſtinct counteracting powers. All 

Vo. LI. Cc e the 
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the remarks I have been able to make in the repeti- 
tion of experiments, that need to be added to what I 
had before obſerved, may be reduced to the three fol- 
lowing. 

1%. When a quire of paper, without any thing be- 
tween the leaves, is pierced with a ſtroke of electricity, 
the two different powers keep in the ſame tract, and 
make but one hole in their paſſage through the paper : 
not but that the power from above, or that from be- 
low, ſometimes darts into the paper at two or more 
ſundry points, making ſo many holes, which, how- 
ever, generally unite before they go through the 
paper. What I mean is, that I never yet could ob- 
ſerve the two powers to make different holes in the 
paper; but that they always keep the ſame common 
channel, ruſhing along it with inconceivable impe- 
tuoſity, and in contrary directions. They ſeem to 
paſs each other much about the middle of the quire; 
for there the edges are moſt viſibly bent different 
ways: whereas in the leaves near the outſide of the 
quire, the holes very often carry more the appearance 
of the paſſage of a power iſſuing out, and exploding 
into the air, than of one darting into the paper. 

29%. When any thin metallic ſubſtance, ſuch as 
gilt-leaf, or tin-foil, is put between the leaves of the 
quire, and the whole ſtruck ; in that caſe, the coun- 
teracting powers deviate from the directeſt tract, and 
leaving the path they would in common have taken 
through the paper only, make their way in different 
lines to the metallic body, and ſtrike it in two differ- 
ent points, diſtant from one another about a quarter 
of an inch, more or leſs (the diſtance appearing to be 
leaſt when the power is greateſt;) and whether they 

3 pierce, 
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pierce, or only make impreſſions upon it, in either 
caſe, they leave evident marks of motion from two 
different parts, and in two contrary directions. It is 
this deviation from a common courſe, and the ſepa- 
ration of the lines of direction conſequent upon it, 
that affords us the ſtrongeſt proof, of the exertion of 
two diſtin and counteracting powers. 

30. When two flips of tin-foil are put into the 

middle of the quire, including two or more leaves 
between them, if the electricity be moderately ſtrong, 
the counteracting powers only ſtrike againſt the ſlips, 
and leave their impreſſions there. When it is ſtronger, 
we generally find one of the flips pierced ; but ſel- 
dom both: and from what I have obſerved in ſuch 
caſes, it would ſeem as if the power, which iſſued 
from the outſide of the phial, acts more ſtrongly than 
that which proceeds from within; for the lower lip 
1s moſt commonly pierced : But that may be owing 
to the greater ſpace, the power from within has to 
move through, before it ſtrikes the paper. 
I take the liberty to lay before the Society a paper- 
book, of the thickneſs of a quire, ſtruck three times in 
the manner above deſcribed. The firſt ſtroke (A) is 
given, when there is nothing between the leaves of 
the book. The ſecond (B) when a piece of paper, 
covered on one fide with what is commonly called 
Dutch gilding, is laid in the middle. The third 
(C), when two flips of tin- foil are put into the book, 
including the two middle leaves between them. 


The members, who are curious in theſe matters, 


may, at their leiſure, examine the effects of the ſun- 
dry ſtrokes; and if any gentlemen, in particular, de- 
fire the farther ſatisfaction of ſeeing the ſtrokes given, 
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I ſhall be very ready, at any time, to comply 
with their — fag — : — 


New Experiments and Obſervations concerning 
Electricity; by Robert Symmer, EV; 
F.R.S. 


PAPER IV. PART I. 
Of Two diſtin} Powers in Electricity. 


Read Dec. 20, HE notion of two diſtin electrical 
759 powers, acting in contrary directions, 
may appear to ſome to be the ſame with that of the 
effuence and affluence of electrical matter, which 
M. F Abbé Nollet gives as the general cauſe of the 
phenomena of electricity R. It may therefore be not 
improper to take a nearer view of theſe two opinions, 
to ſee how far they agree, and in what they differ. 
This ingenious author, whoſe merit in the learned 
world is very conſiderable, particularly with regard to 
his labours in electricity, had obſerved, that, when 
a body is electrified, a current of electric fluid iſſues 
from it, and, in the form of diverging rays, ſpreads 
through the air, and enters into other bodies; and 


that, at the ſame time, a current of electric fluid, 


* « Plus de trois ans ſe ſont ẽcoulés depuis que Jai propoſe 
« comme la cauſe generale des phenomenes eleftriques, Peffluence 
« et Paffluence ſimultantes d'une matiere fluide, preſente par tout, et 
capable de S enſlammer par le choc de ſes propres rayons,” Preface 
to Recherches ſur Pelefricite, at the beginning. 
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iſſuing from other bodies, paſſes through the air, 
and, in the form of converging rays, enters into the 
body electrified. From thence he concludes, that 
a continued, and (to uſe his own terms) fimulta- 
neous * effluence and affluence of a fluid matter, 
extremely ſubtile, conſtitutes electricity. Upon 
this principle he endeavours to account for all the 
phenomena that attend the electrification of bo- 
dies. 

What M. IV Abbe Nollet has obſerved with regard 
to two contrary currents in electricity, is by no means 
inconſiſtent with the principle of two diſtin& counter- 
acting powers. On the contrary, the exiſtence of two 
ſuch currents is, according to my opinion, a neceſſary 
conſequence of the exertion of thoſe powers from one 
body upon another. It is a phenomenon of electricity 
only; not the principle upon which all electrical ap- 
pearances depend. 

But a more eſſential difference takes place between 
this gentleman's opinion and mine: he repreſents the 
two currents as conſiſting but of one and the ſame 


— r 


—_P 


* Ces deux courans qui ont des mouvemens oppoſes, ont lieu 
ce tous deux enſemble, c'eft ce que j'exprime par le mot fimul- 
cc tanẽs. Lettres ſur Peleftricite, p. 30. 

+ L electricitẽ, comme je Pai deja dit et prouvẽ ailleurs, n'eſt 
© pas ſeulment Pemanation d'une matiere qui s' elance du co 
6 elefrise ; c'eſt auſſi un remplacement continue] qui ſe fait de 


cette matiere, par une autre tout - a- fait ſemblable, qui ſe porte 


<« de toutes parts au corps ẽlectrisẽ; c'eſt pour ainſi dire, un com- 
& merce de la matiere qui j'ai nommee effluente, et de celle que 
« Jai appellee affluente. $ celle-ci vient a manquer, ou que la 
« premiere n'ait plus la liberte de ſortir, cet Etat ou ce double 
& mouvement, que l'on nomme electriciti, doit bien-tot ceſſer.“ 
E ai ſur Peleetruatt, p. 202. 
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Auid + HE admits but of one kind of electricity |; and 
maintains, that two bodies cannot be ſaid to be differ- 
ently clectrified, but as they are electrified in a higher 
or lower degree . On the other hand, it is my opi- 
nion, that there are two electrical fluids (or emana- 
tions of two diſtinct electrical powers) eſſentially dif- 
ferent from each other; that electricity does not con- 
ſiſt in the efflux and afflux of thoſe fluids, but in the 
accumulation of the one ot the other in the body elec- 
trified; or, in other words, it conſiſts in the poſſeſ- 
fon of a larger portion of the one or of the other 
power, than is requiſite to maintain an even ballance 
within the body; and, laſtly, that according as the 
one or the other power prevails, the body is electri- 
fied in one or in another manner. 

In thoſe reſpects we differ in opinion. Who is in 
the right is another queſtion. The whole ſeems to 
turn on a ſingle point, namely, whether there be but 
one, or if there are two diſtinct kinds of electricity. 
The bounds of this paper do not permit me to enter 
upon a full diſcuſſion of the point. I cannot, how- 
ever, but obſerve, that the whole ſeries of experi- 
ments mentioned in the preceding papers, tends to 
confirm the diſtinction, formerly made, of electricity 
into two kinds; and to ſhew, that there is an eſſential 
difference (whatever it be that conſtitutes that differ- 
ence) between what is commonly called poſitive elec- 
tricity, and negative. A farther proof of that differ- 
ence ariſes from the ſucceſs of an I of 
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which I threw out a hint in my third paper, and 
which I have fince taken an opportunity of making, 
touching the electrical coheſion of glaſs. The experi- 
ment is as follows: 

I took two panes of common window-glaſs, about 
nine inches ſquare, the thinneſt, the moſt even, and 
the ſmootheſt in their ſurfaces I could get. I covered 
one of the ſides of each with tin-foil, leaving the ſpace 
of near an inch from the edges uncovered. I warmed 
them a little at the fire; and, applying the two bare 
fides together, I laid them upon four wine-glaſſes, 
which tupported them at the corners. I then brought 
down a chain from the prime conductor, nearly to 
touch the coating of the upper plate, and applying a 
wire, Which I held in my hand, to the coating of the 
under plate, the machine was put in motion, and the 
electrification performed, as in the cafe of the com- 
mon electrical pane. When the operation was com- 

leted, I removed the chain and the wire, and takin 
hold of two oppoſite corners of the upper glaſs (thoſe 
correſponding to them in the other having been pur- 
poſely cut away, I lifted it, and found, that the un- 
der glaſs came up with it. The coheſion appeared to 
me to be conſiderably ſtrong ; but I had not any pro- 
per apparatus ready to meaſure the ſtrength of it. I laid 
them down again on the wine-glaſſes, and procure 
an exploſion, as in the caſe of the common electrical 
pane. I then took hold of the corners of the upper 
glaſs, and lifted it; but found, that the coheſion was 
diſſolved, the under glaſs remaining behind. 
I could indeed perceive, that, after the diſcharge, 
there was ſtill ſome ſmall degree of coheſion between 
the plates, which felt as if ſome glutinous ſubſtance 
had 
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had got feeble hold of them: but this was no more 
than what I found took place between them, when, 
without being electrified, they were forced cloſe toge- 
ther. For that reaſon, two plates of glaſs, finely 
poliſhed, and ſo even as to come into cloſe contact 
through the whole extent of their oppoſed ſurfaces, 
would be very improper for this experiment ; for, 
when the power of electricity had forced them into 
contact, the preſſure of the air, and a coheſion pro- 
ceeding from another principle, would keep them to- 
gether. 


But to purſue the purpoſe of our experiment. —All 
who admit of the diſtinction of electricity into two 


kinds, agree, that as in the Leyden phial, ſo likewiſe 
in the electrical pane, the different ſides are differently 
electrified: That fide, which more immediately re- 
ceives its electricity from the glaſs globe, is ſaid to be 
| Poſitively, and the other negatively, electrified. What 
may be ſaid of the electrical pane, is applicable to the 
glaſs plates in this experiment; for, when they are put 
together in the manner mentioned above, they form 
an electrical pane between them; one of the plates 
correſponding with one of the ſides, and the other 
with the other ſide of the pane. When, therefore, 
the glaſs plates are electrified in the manner before 
deſcribed, the plate, which receives its electricity im- 
mediately from the chain, will, according to this di- 
ſtinction, be poſitively electrified, and that which 

receives its electricity from the wire, negatively. 
Upon theſe conſiderations, we may expect, from 
the experiment in hand, the means of determining, 
whether the diſtinction of electricity into two differ- 
ent kinds is merely nominal, or if there is an eſſential 
difference 
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difference between them: For after the glaſs plates 
have been electrified in one poſition, ſo as to be inca- 
pable of receiving any more electricity, if they be in- 
verted, and in that new poſition preſented to the 
chain and wire, and the globe again be put in motion, 
according as one or other of thoſe opinions holds, 
correſpondent effects will follow. If the electricity, 
that comes by the chain, be of the ſame nature with 
that which comes by the wire, no change will be 
produced upon the plates; for being before full of 
one and the ſame kind of electricity, they can do no 
more than keep what they had, or exchange it for 
juſt as much of the ſame kind. But if, by the chain 
and the wire, two kinds of electricity, totally differ- 
ent in their nature, be conveyed into the reſpective 
plates, in that caſe it is to be expected, that the elec- 
tricity that each of them had acquired in their former 
poſition, will be gradually deſtroyed, till no ſigns of 
electricity appear in either; after which, they will 
begin again to be electrified, having their electricity 
reverſed. 
In order to ſee what would really happen, I re- 
ated the experiment in the following manner: I 
electrified the two plates till they were fully charged, 
and in ſtrong cohefion, the fnapping from the chain 
and the wire having totally ceaſed. I then turned 
them upon the glaſſes that ſupported them, applied 
the chain and the wire to the different fides, and be- 
gan to electrify as before. The glaſs globe was no 
ſooner in motion, than the ſnapping from the chain 
and the wire returned with violence ; and the plates, 
which, in the former poſition, would receive no more 


electricity, appeared, in their new ſituation, to receive 
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it both from above and below, more y than 
ever. As this new electrification proceeded, I found, 
by ſeveral trials, that the coheſion became graduall 
weaker, till, at a certain period, it was totall di 
ſolved; from which, it began again to be reſtored, 
and at laſt, when the ſnapping ceaſed, I found it to 
be as ſtrong as before. 

I carried the experiment ſtill farther : I took two 
complete electrical | anes (that is, two glaſs plates, 
covered each on both ſides with tin-foil), and laying 
one upon the-other, I applied the chain and the wire, 
and proceeded to electrify. The electrification took 
place throughout ; and I could procure an exploſion 
from either of them ſingle, or from both together: 
but however highly they were electrified, I never 
could perceive * leaſt ap ce of coheſion be- 
tween them. This was agreeable to what I expected. 
J judged, that, in conſequence of two different kinds 
of electricity, each of the panes would be charged, on 
its different ſides, with the different kinds; which, 
by counteracting one another in the ſame pane, would 
reduce it to a neutral ſtate of electricity, and by that 
— prevent the two panes from acting on each 
other. 

It is not here my purpoſe to account for electrical 
coheſion; yet I cannot but obſerve, that, in this caſe 
at leaſt, it is obvious, that the coheſion cannot be owing 
to an efiluence and affluence of one and the ſame elec- 
trical fluid: For the two plates being of the ſame ſub- 
ſtance, and in every reſpect alike, the effluent cur- 
rent muſt have juſt as great an effect in ſeparating 
them, as the affluent can have in bringing or keep- 
ing them together. The experiment above ſeems Fo 

| make 
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make it evident, that there are two diſtinct kinds of 
electricity; and the influence of thoſe in making the 
plates cohere, ſeems naturally to denote, in concur- 
rence with the experiments mentioned in the former 
part of this paper, two diſtin and counteracting 
powers, correſponding with the two different kinds 
of electricity. 

If, upon the whole, the arguments I have brought 
to prove the exiſtence of two diſtin powers in elec- 
tricity, are found to be concluſive, it may, perhaps, 
be cted of me to ſay ſomething of the nature of 
thoſe powers. Without entering into any particular 
theory, or indulging myſelf in looſe conjecture, I ſhall 
take the liberty to offer a few conſiderations, ſuch as 
occur to me on this occaſion. 

All we know of active powers, extends no farther 
than as we perceive them to be effects of a power 
ſtill more general ; or as we find them producing 
effects according to certain laws. I have not been 
able to trace the powers of electricity farther back, 


than the obſervations I have given above, have led me. 


I do not therefore take upon me to determine, whe- 
ther they conſiſt of the finer parts of matter, conſti- 
tuting an active and elaſtic fluid, the elaſticity of that 
fluid remaining ſtill to be accounted for; or if they 
are of a ſubſtance yet more ſubtile and active, of 
which, however, we have hitherto been able to form 
no diſtin& idea. Whatever other power they may be 
the immediate effects of, or whatever be the ſecret 
and imperceptible manner in which they act, the 
more intereſting object of our inquiry, is to know the 
laws according to which they act, and how far their 


operations extend in the material world, 
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The ſame obſervations that lead us to the diſcovery 
of any power, if followed out with due attention, 
may ſerve to inſtruct us in the laws of its action; and 
if we can attain a ſufficient knowlege of thoſe laws, 
however ignorant we may be of the peculiar manner 
in which the power exerts itſelf, we may be, by that 
means, enabled to trace it through its various opera- 
tions. 

The laws of nature are few and ſimple. It is only 
from the variety of circumſtances, under which the 
reſpective powers are exerted, that the phenomena of 
nature are multiplied. The powers of mechanic mo- 
tion, thoſe I mean by which bodies act upon one an- 
other in impulſe or preſſure, are found to be under 
the direction but of three general laws; and from 
thence is deduced a moſt extenſive branch of natural 
knowlege. 

The laws that regulate the powers, by which bo- 
dies act at a diſtance upon one another, when we 
come to be better acquainted with them, may be 
found to be not more numerous or complex. What 
appears wonderful to us, is, that bodies ſhould at all be 
capable of acting upon one another at a diſtance: But 
are we not equally ignorant of the manner, in which 
the powers of motion are exerted, when the bodies 
are in actual congreſs? Daily experience convinces 
us of the fact in this caſe; and in the other, repeated 
experiments, and frequent obſervations, leave us little 
room to doubt, that there are powers, which, when 
lodged in one body, are capable of being exerted 
upon another at a diſtance. 

The powers of electricity are found to be of this 
nature. When either of thoſe powers prevails in a 
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body, it exerts its influence, ſo long as it is lodged 
there, every way around, and, by preſſure or otherwiſe, 
acts upon another body within the ſphere of its in- 
fluence. If it meets with no reſiſtance, it enters this 
other body, and from this begins to act, as it did from 
the former. In the mean while, the counteractin 
power prevailing in this other body, the like effects 
will be produced: and thus theſe two bodies, by 
means of their correſponding powers, will continue 
to act upon each other, till their powers be reduced 
to an equal ballance. 

Did electricity conſiſt but of one power, after an 
experimental inquiry into the laws according to which 
it ated, we might, upon that principle, be able to 
account for the phenomena of electricity. But if two 
diſtin& and counteracting powers prevail, as appears 
to me to be evident from the preceding experiments 
and obſervations, in that caſe, it will be impoſſible to 
give a complete and conſiſtent theory of electricity, 
but upon the principle of two ſuch powers. Nor will 
this principle be found, upon due conſideration, to 
diſagree with the general ſyſtem of nature. It is one 
of the fundamental laws of nature, that action and 
re- action are inſeparable and equal. And, when we 
look around, we find that every power, that is exerted 
in the material world, meets with a counteracting 
power, that controls and regulates its effects, fo as 
to anſwer the wiſe purpoſes of Providence. 
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4 Letter to the Reverend Dr. Birch, Secr-- 
tary to the Royal Society, concerning the 
Force of electrical Coheſion. 


S I R, 


Read Dec. 20. T Happened to be at Mr. Symmer's on 
* 1 Saturday the 15th inſtant, when he 
deſired me to be witneſs to ſome electrical experi- 
ments, he was about to make, with filk ſtockings, 
of a particular kind, which he had received for that 
purpoſe. 
The weather was then remarkably favourable for 
electricity, being clear and dry, with a ſharp froſt, 
which had continued five or fix days. The wind 
was eaſterly, and had been in that quarter for ten 
days. It was about noon when we made our expe- 
riments ; the barometer at 3o, and Fahrenheit's ther- 
mometer at 32. 

The ſtockings above-mentioned were wove of 
carded and ſpun filk, and were more ſubſtantial and 
weighty, than thoſe with which he had made the ex- 
periments mentioned in his third paper. One pair 
was of a deep black, having been twice dyed, in 
order to improve the colour. Another pair was of 
the natural colour of the filk, of a duſky white ; and 
both new. The pair of black weighed four ounces, 
eight pennyweight, and four grains ; and the white 
three ounces, eighteen pennyweight, and fifteen 


We began with making a few experiments with 
the thin ſtockings formerly made uſe of ; and found 
the reſult to be much the ſame with what is related 


9 by 
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by Mr. Symmer in his third paper: that is, we found, 
that when the white ſtocking was put within the 
black, or vice verſd, and both highly electrified, 
taking hold of the one, while a ſcale with weights 
was put to the other, we could raiſe ſeventeen ounces 
before the ſtockings ſeparated. 

We then repeated one or two of thoſe experiments 
with ſome little variation of circumſtances. We 
turned one of the ſtockings inſide out, and put that 
within the other: the inner or rough ſides of the 
ſtockings being thus together, by which means they 
took faſter hold of each other, we now found, that 
it required the weight of twenty ounces to ſeparate 
them. 

When the ſtockings were ſeparated, and applied 
externally to each other, they then raiſed the weight 
of ten ounces *. 75 


We 


e 
- — — 1 V _—_ 


Some time after this letter of Dr. Mitchell's had been read in 
the Society, as I was of opinion, that the thin ſtockings, mentioned 
above, had loſt much of their electrical power ſince the beginning 
of April laſt, when they firſt had been made uſe of in experiments, 
and that it was owing to the peculiar influence of the weather, that 


they raiſed as great a weight now as they had done then, I had 


the black new dyed, and the white waſhed, and afterwards whit- 
ened in the fumes of ſulphur. Upon this, I found their force very 
much increaſed. On the gth of January, the weather being much 
in the ſame ſtate as it had been the 15th of the preceding month, 
the ſtockings, thus prepared, and put one within another, having 
their rough ſides together, lifted no leſs than three pounds and three 
ounces before they ſeparated. Dr. Mitchell was likewiſe preſent at 

this experiment. | 
How far the circumſtance of ſmoking the white ſtocking in the 
fumes of ſulphur, might have contributed to increaſe the electrical 
power, is what I cannot take upon me to fay. I ſhould think, 
however, that it does not much contribute to it ; for we find, by 
the experiments in the ſequel of this letter, that the force of 2 2 
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We next proceeded to try the force of electrical 
coheſion, with the ſtockings of a more ſubſtantial 
make; viz. thoſe I have above deſcribed ; and there 
we found it to be much more conſiderable, as appears 
by the following experiments. 

19 When the white ſtocking was put within the 
black (without either of them being turned infide 
out), ſo that the outſide of the white was contiguous 
to the inſide of the black, they lifted nine pounds, 
wanting a few pennyweight. Now, taking the 
weight of the ſtocking to be one ounce, eighteen 
pennyweight, and fifteen grains (viz. the half of the 
weight of the pair as mentioned above), it follows, 
that, by the force of its coheſion with the black, it 
raiſed fifty five times its own weight. 

2%, When the white was turned infide out, and 
put within the black, their inner or rough ſides being 
contiguous, they lifted no leſs than fifteen pounds, 
one pennyweight and a half, before they ſeparated : 
So that, in this caſe, the fingle ſtocking raiſed ninety- 
two times its own weight . 


© — 
1 r _— 6 — — — » — 


ſion is ſurpriſingly great between the black and the white ſtocking 
of ſpun filk, when electrified: and yet I was aſſured by the hoſter, 
that the white had never been put into the fumes of ſulphur ; and 
that the colour it had was the natural colour of the filk, no other 
method having been taken to whiten it, than that of ſcouring and 
waſhing. 

. + Since that time, I have not been able to raiſe above ten or 
eleven pounds with theſe ſtockings, even when the weather has 
been moft favourable z owing, perhaps, to my having cut off all the 
ends of threads, and tufts of filk, which had been left on the inſide 
of the ſtockings ; which I did with a view of increafing the cohe- 
ſion : whereas, when the inner ſides of the ſtockings were put 
together, thoſe ends of threads, and tufts of ſilk, by joining inti- 
mately with thoſe of the different colour, probably contributed 
much to produce that powerful coheſion. £ 

| 3”. 
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3*. When the inner ſtocking was drawn out, and 
applied to the outſide of the other, they lifted one 
pound and three quarters ; that is, between ten and 
eleven times the weight of the white ſtocking “. 

It is not my deſign to draw any concluſions from 
theſe experiments, and much leſs to determine how 
far electrical coheſion may ſerve, as a principle, to 
to account for many remarkable appearances in na- 
ture. I relate the experiments I have been witneſs to, 
by way of ſupplement to Mr. Symmer's third paper; 
and I conſider the reſult of them, only, as a farther 
proof of the ſurpriſing degree, to which a power in 
electricity, which had not before been attended to, 


may be carried, in even the lighteſt ſubſtances, thoſe 
of white and of black filk. I am, Sir, 


Your moſt obedient, humble ſervant, 


John Mitchell. 


Kew, December 18, 1759. 


In the third of theſe papers I obſerved, that ſtockings eleAri- 
fied, and applied to one another externally, cohered with a force 
greater or leſs, according to the manner in which they joined in 
contact with each other. This appears to be the reaſon, why the 
ſtockings here made uſe of, being much leſs pliable than the thinner 
kind, do not, in external coheſion, raiſe a weight ſo great in pro- 
portion as thoſe do. From thence I fancied, that if the ſtockin 
of ſpun ſilk ſhould be firſt allowed to come together, and after- 
wards be preſſed cloſe between one's hands, their coheſion externall 
with one another would thereby be much improved: Accordingly, 
upon repeated trials, I found, that the white ſtocking, when thus 
preſſed to the black in external contact, was capable of raiſing be- 
tween three and four pounds; that is, about twenty-two times its 
own weight. 

I have taken the liberty to ſubjoin theſe few obſervations, by w 
of notes, to Dr. MitchelPs letter, as they relate to the ſame ſubject, 
and contain matter, which has occurred ſince his letter was read in 
the Society. 


February 1ſt, 1760, R. Symmer. 
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XXXVII. Some Obſervations relating to the 
Lyncurium of the Ancients ; by William 
Watſon, M. D. F. R. S. 


Read Dec. 20, O determine the ſubſtance, deno- 
"TOP minated Lyncurium by the ancients, 
has been the occaſion of much controverſy among 
the more modern naturaliſts; ſome of whom, as 
late Dr. Woodward, believed it to be a ſpecies of the 
belemnites ; others, as the late“ M. Geoffroy, conſi- 
dered it as amber. But it is evident from + T heophra/- 
{45's deſcription of the Lyncurium, which is the moſt 
complete that has been handed down to us, that nei- 
ther the one nor the other of the before-mentioned 
ſubſtances could be what he intended. His words 
are, Kai To AuYXuptov.. 4 Yap EX rue Y T 
TPExy 1d ic. X; 201 Fecsola rn, R AV. AXEL yup 
WIE To TAexIger. ot de Paoly & pavay Xappy % FH, 
aa *% Yar % oidnpor, gav = Aemlos. womrep % 
Luonars tAgyer. ENI Is Sragarn te ogoIpa x wvppa. 
0.0 © + yivelai 4 2 e i Tis auls wAtiuy,. From 
hence we learn, that the Lyncurium was a ſtone 
e uſed for engraving ſeals on: that it was very hard: 
te that it was endowed with an attracting power like 
e amber: and that it was ſaid, and by Diocles 
e among the reſt, to attract not only ſtraws and 
e ſmall pieces of wood, but alſo copper and iron, if 


_ ©© beaten very thin: that it was pellucid, and of a: 


C—— 
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Mater. Med. Vol. I. p. 165. de ſuccino. 
Idem et Lyncurium quoque dicitur. 
+ Theophraſtus 2 7@y Aifey. 
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e deep-red colour; and required no ſmall labour to 
« poliſh it.” The reſt of Theophraſtus's deſcription 
is taken up with the fabulous account of the genera- 
tion of this ſtone, ** that it is formed by the urine of 
* the lynx, which the animal, as ſoon as it parts 
« with it, hides, and ſcrapes the earth together over 
<* it; and that the ſtones vary according to the ſex 
e and diſpoſition of the animal.” 

Dioſcorides *, in his hiſtory of the Lyncurinm, 
gives us only the fabulous hiſtory of its generation, 
before mentioned by Theophraſtus ; and ſubjoins, that 
it is called by ſome "HAex|poy TleouyoPp32y ; that is, 
amber, which, attracts feathers to it. 

Pliny, in his hiſtory F, diſbelieves both the fabu- 
lous account of the generation of the Zyncurium, as 
well as its attractive quality, related both by Dzocles 
and T heophraſtus, and conſiders the whole as a falſity; 
though he is candid enough to confeſs, that neither 
himſelf, nor any one elſe in that age, had ſeen a gem 
of that appellation. 

Theophraſtus, though more ancient, is, in moſt 
particulars, more to be depended upon than either 
Dioſcorides or Pliny, He ought to be conſidered 
much more of an original author, and one who wrote 
from his own knowlege, than the others, who, va- 
luable as they are, muſt be regarded, in moſt reſpects, 
as compilers. His account, then, of the appearance 
and properties of the Lyncurium muſt be conſidered, 
in order to examine, if any ſubſtance, known in our 


—_— ——— 


* Lib. II. cap. c. | 
+ Plin. Hift. lib. XXXVI. cap. iii. Ego falſum id totum arbi- 
tor, nec viſum in ævo noftro gemmam ullam ea appellatione. 
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time, anſwers his deſcription. But, firſt, it is plain 
that Dr. Moodward's hypotheſis of the belem- 
nites being the Lyncurium, was ill founded; inaſ- 
much as the belemnites is neither pellucid, nor fit 
for engraving ſeals upon, on account of the friability 
of its texture ; neither can it, by any management, 
be made to attract ſtraws, chips of woods, or other 
light bodies. Nor is Geoffroy's opinion leſs liable to 
exception; as amber, though it has the attractive 
power mentioned by Theophraſtus, yet it has by no 
means the firm texture requilite to have ſeals engraved 
upon it; neither is it ſo very hard, as is expreſly ſaid 
by this author concerning the Lyncurium, as to re- 
quire great labour in poliſhing it. Add to theſe, that 
Theophraſtus has given a particular account of the 
hiſtory and properties of amber * ſeparately, in the 
before-mentioned work. | 

If, after what has been ſaid, I may be permitted 
to give my thoughts concerning the Lyncurium of the 
ancients, I make no ſcruple to think it to be exceed- 
ingly probable, that what we now call the Tourma- 
line was the Lyncurium of Theophraſtus, as it agrees 
with that author's deſcription in all its fenfible qua- 
lities; to wit, that it is a very hard pellucid ſtone, of 
a deep-red colour; that it is very proper to engrave 
ſeals upon; that it attracts, like amber, not only 
ſtraws and light pieces of wood, but filings of iron 
and braſs, as has been lately evinced by many expe- 
riments. And what will give ſome weight to this 
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opinion is, that this ſtone, though not much attended 
to by us till very lately, is very common in ſeveral 
parts of the Eaſt Indies, and more particularly in the 
ifland of Ceylon, where it is called by the natives 
Tourna mal. 

The firſt account which we have had, of late years 
at leaſt, of this extraordinary ſtone, was in the Hi- 


ſtory of the Royal Academy of Sciences of Paris, for 


the year 1717; where we are told, that Mr, Lemery 
exhibited a ſtone, which, he ſaid, was not common, 
and came from Ceylon. This ſtone attracted and 
repelled little light bodies, ſuch as aſhes, filings of 
iron, bits of paper, and ſuch ike. The publiſher of 
that hiſtory then proceeds to give ſome reaſons for 
theſe phænomena. Linnaeus, in his preface to the 
Flora Zeylanica, mentions this ſtone under the name 
of lapis electricus; and takes notice of M. Lemery's 
experiments before-mentioned. 

Notwithſtanding this, no further mention was made 
of this ſtone, and its effects, till very lately. The 
duke de Noya, in his letter to M. de Buffon, which 
was preſented to the Royal Society a few months 


ago, informs us, that when at Naples in the year 


1743, the late count Pichetti, ſecretary to the king, 
aſſured him, that, during his ſtay at Conſtantinople, 
he had ſeen a ſmall ſtone, called a tourmaline, which 
attracted and repelled aſhes. This account the duke 
de Noya had quite forgot ; but, being laſt year in 
Holland, he ſaw and purchaſed two of theſe ſtones, 
which are there called a/chentriiker, The making 
experiments with theſe called to his remembrance 
what formerly had been told him by count Picbetti. 
With theſe ſtones he made, in company with Meſ- 
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ſieurs Daubenton and Adanſon, a great number of 
experiments, of which the duke has favoured the 
public with a particular account. 

In the year 1757, there were two accounts pub- 
liſhed upon this ſubject: the one is a memoir of M. 
Epinus, read to the Royal Academy at Berlin, in- 
tituled, De guibuſdam experimentis electricis notabi- 
lioribus. The other is a treatiſe in quarto, printed 
at Roſtock, intituled, Diſputatio de electricitatibus 
contrariis. Auttore Joanne Carolo Wilke. Since 
which time, Dr. Heberden, who is ever defirous of 
extending the bounds of ſcience, having procured 
ſome of theſe ſtones from Holland, a great number 
and variety of experiments with them have been made 
here, particularly by the ingenious Mr. Wilſon ; an 
account of which he has very lately communicated 
to the Royal Society. 
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XXXVIH. An Attempt to account for the re- 

_ gular diurnal Variation of the horizontal 
magnetic Needle; and alſo for its irregular 
Variation at the Time of an Aurora Borea- 


lis: By John Canton, M. A. and F. R. S. 


Read Dec. 13. HE late celebrated Mr. George 
. Graham made a great number of 
obſervations on the diurnal variation of the magne- 
tic needle, in the years 1722 and 1723 but declared 
himſelf ignorant of the cauſe of that variation, in 
No 383 of the Philoſophical Tranſactions, where 
many of thoſe obſervations are to be found, * 

2 e 
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the year 1750, Mr. Wargentin, ſecretary of the Royal 
Academy of Sciences in Sweden, took notice, both 
of the regular diurnal variation of the needle, and alſo 
of its being diſturbed at the time of an aurora borea- 
lis, as recorded in the 47th volume of the Philoſo- 
phical Tranſactions ; but is filent as to the cauſe. I 
had no opportunity of making obſervations of this ſort 
myſelf, till the latter end of the year 1756; but, 
fince. that time, I have made near four thouſand, 
with an excellent variation- compaſs, of about nine 
inches in diameter. The number of days, on which 
theſe obſervations were taken, is 603 ; and the diur- 
nal. variation on 574 of them was regular ; that is, 
the abſolute variation of the needle weſtward, was in- 
creaſing from about eight or nine o'clock in the morn- 
ing, till about one or two in the afternoon, when the 
needle became ſtationary for ſome time; after that, 
the abſolute variation weſtward was decreaſing, and 
the needle came back again to its former fituation, or 
near it, in the night, or by the next morning.. The 
diurnal variation is irregular, when the needle moves 


ſlowly eaſtward in the latter part of the morning, or 


weſtward in the latter part of the afternoon ;. alſo 


when it moves much either way after night, or ſud- 


denly both ways within a. ſhort time. Theſe irregu- 
larities ſeldom happen more than once or twice in a 


month, and are always accompanied (ſo far as I have 
been able to obſerve) with an aurora borealis. Thus 


having explained what I mean by the regular and ir- 
regular diurnal variation, and ſhewn, that this varia- 


tion is generally regular; I ſhall now, in the firſt 
place, endeavour to account experimentally for the 


regular variation; then offer a conjecture concerning 


the 
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the cauſe of the irregular variation ; and, laſtly, at- 
tempt to make it appear probable, that the aurora 
borealis ariſes from the fame cauſe. | 

The attractive power of the magnet, (whether na- 
tural, or artificial) will decreaſe while the magnet is 
heating, and increaſe while it is cooling; as will ap- 
pear by the following experiments. 

Exferiment 1. About E. N. E. from a compaſs, a 
little more than three inches in diameter, I placed a 
ſmall magnet two inches long, half an inch broad, 
and three-twentieths of an inch thick, parallel to the 
magnetic meridian ; and at ſuch a diſtance, that the 
power of the ſouth end of the magnet was but juſt 
ſufficient to keep the north end of the needle to the 
N. E. point, or to 45 degrees. The magnet being 
covered by a braſs weight of ſixteen ounces, about 
two ounces of boiling water was poured into it, by 
which means the magnet was gradually heating for 
ſeven or eight minutes; and during that time, the 
needle moved about three quarters of a degree weſt- 
ward, and became ſtationary at 44 ; in nine mi- 
nutes more, it came back a quarter of a degree, or to 
44 ; but was ſome hours before it gained its for- 
mer fituation, and ſtood at 45%. N. B. The greater 
the power of the ſame magnet, the more it will loſe 
in a given degree of heat, 

Exp. 2. On each fide of the compaſs, and parallel 
to the magnetic meridian, I placed a ſtrong magnet 
of the ſize above-mentioned ; ſo that the ſouth ends 
of both the magnets ated equally on the north end 
of the needle, and kept it in the magnetic meridian ; 
but if either of the magnets was removed, the needle 
was attracted by the other, ſo as to ſtand at 45 de- 
| grees. 
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grees. The magnets were both covered with braſs 
weights of ſixteen ounces each. Into the eaſtern weight 
I poured about two ounces of boiling water; and the 
needle in one minute moved half a degree, and con- 
tinued moving weſtward for about ſeven minutes, 
when it arrived at 2? 4. It was then ſtationary for 
ſome time ; but, in twenty-four minutes from the 


beginning, it came back to 204, and in fifty minutes 


to 201. I then filled the weſtern weight with boil- 
ing water, and in one minute, the needle came 
back to 1“ f; in fix minutes more, it ſtood half a 
degree eaſtward ; and after that, in about forty mi- 
nutes, it returned to the magnetic north, or its firſt 
fituation. 

It is evident, that the magnetic parts of the earth 
in the north on the eaſt fide, and the magnetic parts 
of the earth in the north on the weſt fide of themag- 
netic meridian, equally attract the north end of the 
needle. If then the eaſtern magnetic parts are heated 
faſter by the ſun in the morning, than the weſtern, 
the needle will move weſtward, and the abſolute va- 
riation will increaſe ; when the attracting parts of the 
earth on each fide the magnetic meridian have their 
heat increaſing equally, the needle will be ſtationary, 
and the abſolute variation will then be greateſt ; but, 
when the weſtern magnetic parts are either heating 
faſter, or cooling ſlower than the eaſtern, the needle 
will move eaſtward, or the abſolute variation will de- 
creaſe; and when the eaſtern and weſtern magnetic 


parts are cooling equally faſt, the needle will again 


be ſtationary, and the abſolute variation will then be 
leaſt. This may be ſtill further illuſtrated, by placing 
the compaſs and two magnets, as in the laſt experi- 
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ment, behind a ſcreen near the middle of the day in 
ſummer ; then, if the ſcreen be ſo moved, that the 
ſun may ſhine only on the eaſtern magnet, the needle 
will ſenfibly vary in its direction, and move towards 
the weſt ; and if the eaſtern magnet be ſhaded, while 
the ſun ſhines on the weſtern, the needle will move 
the contrary way. By this theory, the diurnal varia- 
tion in the ſummer ought to exceed that in the win- 
ter ; and I accordingly find by obſervation, that the 
diurnal variation in the months of June and July, is 
almoſt double that of December and January 
The irregular diurnal variation muſt ariſe from ſome 
other cauſe than that of heat communicated by the 
ſun; and here I muſt have recourſe to ſubterranean heat, 
which is generated without any regularity as to time, 
and which will, when it happens in the north, affect 
the attractive power of the magnetic parts of the earth 
on the north end of the needle. The reverend Dr. 
Hales has a good obſervation on this heat, in the 
Appendix to the ſecond volume of his Statical Effays, 
which I ſhall here tranſcribe. ©* That the warmth of 
* the earth, at ſome depth under-ground, has an 
influence in promoting a thaw, as well as the 
change of the weather from a freezing to a thaw- 
ing ſtate, is manifeſt from this obſervation ; ; VIZ. 
Nov. 29, 1731, a little ſnow having fallen in the 
night, it was, by eleven the next morning, moſtly 
melted aw ay on the ſurface of the earth, except in 
ſeveral places in Buſhy-Park, where there were 
drains dug, and covered with earth, where the 
ſnow continued to lie, whether thoſe drains were 
full of water, or dry; as alſo where elm-pipes lay 
under-ground; a plain proof that theſe drains inter- 
<« cepted 
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&« cepted the warmth of the earth from aſcending 
«< from greater depths below them; for the ſnow lay 
© where the drain had more than four feet ＋ of 
te earth over it. It continued alfo to lie on thatch, 
ce tiles, and the tops of walls.“ 

That the air neareſt the earth will be moſt warmed 
by the heat of it, is obvious; and this has frequently 
been taken notice of in the morning, before day, by 


means of thermometers at different diſtarces from 


the ground, by the reverend Dr. Miles, at Tooting in 
Surrey; and is mentioned in p. 526, of the 48th vo- 
lume of the Philoſophical Tranſactions. 5 
The aurora borealis, which happens at the time 
the needle is diſturbed by the heat of the earth, is 
ſuppoſed to be the electricity of the heated air above 
it; and this will appear chiefly in the northern re- 
gions, as the alteration in the heat of the air in thoſe 
parts will be greateſt. This hypotheſis will not ſeem 
improbable, if it be conſidered, that electricity is now 
known to be the cauſe of thunder and lightning; that 
it has been extracted from the air at the time of an 
aurora borealis; that the inhabitants of the northern 
countries obſerve the aurora to be remarkably ſtrong, 
when a ſudden thaw happens after ſevere cold wea- 
ther ; and that the curious in theſe matters, are now 
acquainted with a ſubſtance, that will, without fric- 
tion, both emit and abſorb the electrical fluid, only 
by the increaſe, or diminution of its heat: for if the 
Tourmalin be placed on a plane piece of heated glaſs, 
or metal, ſo that each fide of ir, by being perpendi- 
cular to the ſurface of the heating body, may be 
equally heated; it will, while heating, have the elec- 
tricity of one of its ſides poſitive, and that of the other 
| . nega- 
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negative; this will likewife be the cafe when it is 
taken out of boiling water, and ſuffered to cool; but 
the fide that was poſitive while it was heating, will 
be negative while it is cooling, and the fide that was 
negative, will be poſitive . 5 
For the ſake of thoſe who may be deſirous of ex- 
amining the diurnal variations of the needle very 
minutely, I ſhall annex a complete year's obſerva- 
tions ; and ſhall deduce, from the regular variations 
during that time, the mean diurnal variation belong- 
ing to each month : whence it will appear, that the 
diurnal variation increaſes from January to June, and 
decreaſes from June to December. 


In the following table, the firſt column contains 
the day of the month ; and the ſecond, the hour and 
minute of the day (according to equal time), when 
each obſervation was made. The third column con- 
tains the abſolute variation of the needle weſtward, or 
the angle it made with a true meridian line at the re- 
ſpective times; which differs leſs than two minutes 
of a degree from that at Greenwich, where the reve- 
rend Dr. Bradley was ſo kind as to give me ſeveral 
opportunities of 2 in his preſence, by the cu- 
rious apparatus for purpoſe, belonging to the 
royal obſervatory. And in the fourth column are ſet 
down the degrees of heat, by a Fahrenheit's thermo- 
meter, hung without, in the ſhaded air, on the north 
fide of the houſe, | 


, 


* See the Gentleman's Magazine for laſt September. 
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XXXIX. A Letter to the Right Honourable 
Hugh Earl of Marchmont, F. R. S. con- 


cerning the Sections of a Solid, hitherto 
not confidered by Geometers ; from William 
Brakenridge, D. D. Rector of St. Michael 
Baſſiſhaw London, and F. R. F. 


My Lord, 


Read Dec. 8 OUR knowlege in Geometry, and 
759 the other Sciences that depend up- 


on it, makes me preſume to lay before you the fol- 
lowing ſpeculations. Vour benevolence to all philo- 
ſophical Inquiries encourages me, and the perſonal 
regard I have for your Lordſhip induces me to do 
- myſelf this honour ; and tho' what I offer at preſent 

may be of no great conſequence, I am perſuaded, 
that every little acceſſion to our knowlege will give 
you ſome pleaſure, as you very well know, that all 
our improvements in ſcience are flow, and from 
ſmall beginnings. You have here a new method of 
conſidering ſome geometrical curves, from the ſec- 
tions of a ſolid, hitherto not taken notice of, and by 
which, in particular, you will fee, that the two in- 
finite curve lines from the ſection of the cone, are 
alſo the ſections of this; which may be of ſome uſe, 

as it ſeems to extend our views of their nature and 
properties. The deſcription of it is very eaſy and 
obvious, and it has ſomething remarkable in its 
form, that tho', in the moſt ſimple caſe, it is gene- 
rated and bounded by right lines, the ſurface: is in- 
curvated. The folid is thus deſcribed. 
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Let DN be a right line drawn on a plane, and a 
point given A at any diſtance from the line, from 


which having raifed, above the plane, the right line 


AM in any given angle, and drawing from the ſame 
point A the line AD, meeting the line DN on the 
plane in D, make another plane M N R to move pa- 
rallel to itſelf, and to that line AD in a given angle 
to the firſt plane; and then, ſuppoſe the interſections 
of it M, N, m, u, &c. with the lines A M and D N, 
to be continually joined with right lines MN, mn, 
&c. and there will be generated an incurvated ſur- 
face by them, and bounded by the lines AM, MN, 
ND, AD. Plate X. Fig. 1. 

The ſame ſurface will be deſcribed, if a line MN 
be ſuppoſed to move in ſuch manner, along the lines 
AM and DN, that the parts AM and DN be con- 
tinually in a given ratio, For let a plane be drawn 
thro the raiſed line A M, perpendicular to the given 
un ADN, and their common interſection be the 
ine AR; then having joined the points A and D, 
from the point N, while the line MN is moving, let 
there be continually drawn a line N R parallel to 
D A, meeting the line of interſection A R of the 
planes in R, and the proportion of DN to AR will 
always be given. But as the ratio of D N to A M is 
given, the ratio of AM to AR will alſo be given; 
and the line RM being drawn, the angle A RM will 
be given; and therefore the plane of the triangle 
MRN will move parallel to itſelf, and to the line 
A D, making the given angle MRA with the plane 


AD N, and the line MN will generate the ſame 
ſurface as before. 
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It is evident this incurvated ſurface may be infi- 
nitely extended on all ſides beyond the lines A M, 
MN, ND, AD, and as well below the given plane 
A DN as above it; and therefore the various ſections 
of it, if continued, will be infinite lines. 

The line AM, raiſed above the given plane ADN, 

may be called the vertical Directrix. 
And if thro” this directrix AM there be drawn a 
plane AMR in any given angle to the plane ADN, 
interſecting the moving plane NMR in the line 
MR, and meeting the given plane ADN in R; 
then the points A, R, and R, N, being joined, there 
will be a trapezium ARND, formed, that may be 
named the Baſe, and in which the line D N may be 
called the Directrix of the Baſe. 

And the plane AMR paſſing thro' the vertical 
directrix and the moving plane MN R, together with 
the baſe ARN D, and the curve ſurface, will make 
a ſolid AM RN DA, ſomething in the form of a 
wedge. | 

In this ſolid there may be made five ſections in a 
given angle with the baſe, or parallel to it ; viz, one 
parallel to the moved plane ; one parallel to the di- 
rectrix of the baſe ; another parallel to the vertical 
directrix; a fourth parallel to the baſe; and. a fifth 
interſecting both the directrices. And in all theſe 
caſes, when the directrices are right lines, the ſections 
will be either the conic hyperbola, or the parabola, 
or right lines. | 

1it, If the ſolid AMRNDA be cut by a plane 
parallel to the moved or generating plane NM R, or 
the line AD, the ſection will be a right line, This 
is evident from the deſcription, Fig. 1. 


2. 
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2. If the ſection be made by a plane BP O parallel 
to the directrix of the baſe DN, and in any given 
angle to the baſe, it will be an hyperbola, Fig a. 

Let the ſection PB O meet the baſe in the line 
BO, which will be parallel to DN, and make the 
moving plane N MR interſect the baſe in NR, the 
vertical directrix in M, and the ſection in P 0; by 
which D BN O. From the point M draw MR 
parallel to PO, and imagine a plane to paſs through 
the directrix AM and the line MR, meeting the 
baſein AR; which will be given in poſition. Then 
thro the point A draw AQ, parallel to DN, inter- 
ſecting NR i in W making NO AD; and the 
two . gles A 
angles given, and 6 Proportion of their ſides. And 
therefore the ratio of AQ to QR, and of AQ to 
MR, will be given. Make AD=a, BD, AQ: QR 
::4:9, and AQ: MR:: a: n, the abſciſſe B Ox, 


and the ordinate PO=y; from which QR=E, 


NR=a+ MR And then from the ſimi- 


lar hs NOP, NMR, the analogy NO:OP 
: NR: MR will give the equation y x q+y 4*=xbm, 
and the curve BP is an hyperbola. 
3. If the ſection PB be made by a plane parallel 
to the vertical directrix A M, it will be an hyperbola. 
Fi 

Er the moving plane M RN, parallel to D A, 
interſe& the baſe in RN, and the vertical direc- 
trix in M, and make the plane of the ſection BP O 
cut the moving plane NMR in PO, and the baſe 
in the line BO, meeting DA in Z, and the baſe di- 
rectrix DN in B; from the point M draw the line 

Vor. LI. | M m m MR 


AMR. will have all their 
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MR parallel to the plane of the ſection, and meeting 
the baſe in R; and the lines MR and PO will be 
parallel. Then thro' the vertical A M, and the line 
MR, make a plane to paſs, which will be parallel to 
the ſection, interſecting the baſe in AR, and the 
lines AR and BO will alſo be parallel. Draw BL 
parallel to DA, or NR, paſſing A R in L, and 
then BO=LR, BL=RO=AZ, and AL=BZ. 
And the line AR being given in poſition, the lines 
BL and A L will be given. The angles alſo MAR 
and N BO being given, the ratio of AR to RM, 
and of BO to ON, will be given. Suppoſe A DE 
B L=a, A L=c the abſciſſe BO=x, the ordinate 
P O=y, and AR: RM: :a: n, and BO: ON: :: n, 


from which we have ON RM A ; 


N R=@a + — And then, in the triangles on the 


moving hi which are ſimilar, MR N, P ON, 
the analogy NO: PO: : NR: RM will produce the 
equation y 4 n x a y=x*n m+x nm e] which ſhews 
the curve BP to be an hyperbola; and the figure is. 
convex to the baſe, 

4. The ſection being made parallel to the baſe, it 
will be the ſame curve. Fig. 3. 

Having thro' the vertical directrix made a plane” 
AMR to paſs perpendicular to the baſe, let the ſec- 


=, tion BPQ, and the baſe parallel to it, meet that 


plane in the lines BO and A R, and alſo the moving. 
plane NMR in the lines PO and NR. From the 
point A draw AQ parallel to the directrix DN of 
the baſe, and AD parallel to NR, and from B the 
line BC parallel to OR, meeting AR in C; 3 

en 


A 
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then the lines AD, AC, and BC, will be given, 
and the angles R AQ, M AR, being alto given, the 
proportion of AR to QR, and of BO to M O, 
will be known. Make AD a, A C=c, the ab- 
lcatle B O=x, the ordinate PO=y, and AR: * 
4:43 from which we have Mo: MR: 


Fine QR Ae And becauſe, in the ds 


triangles MPO, and MNR, in the moving plane, 
we have MO:PO::MR:RN, there will reſult 
the equation yxa+ ycamaxiqg+xcqh+xat; 
which denotes the curve BP to be an hyperbola. 
$5. If the ſection is made ſo as to meet the two di- 
rectrices, the curve will be alſo an hyperbola. Fig. 4. 
Let the ſection BP O meet the directrices in B, , 
and interſect the plane of the baſe in the line B O; 
and make the moving plane N MR to be cut by the 
ſection in PO, and to meet the vertical Jiredrix in 
M. Then from the point M draw M R parallel to 
PO; and thro' the lines AM, MR, imagine, as 
before, a plane to pals, interſecting the baſe in the 
line AR, and meeting the line BO in v, and the 
ſection in mr. And from A draw AD parallel to 
NR, and AQ to DN; and thro' r make ur paral- 
lel to NR, and to meet AQing, and DN in u. 
Draw alſo from the point B the line B C parallel to 
AD, and meeting AQ in C. The lines then A 9, 
Ar, mr, rq, Br, Bn, rn, will be given. Make 
therefore AD=a =BC, AQ: R:: 2:4, and AQ: RM 
2:24: m, Br:Bn: 4 : ö, Br: ru: ia: n, A C=DB 
; the abſciſſe B —_— the ordinate O P=y. From 


which we have BN, ON = . AQ=c+ i 
b x wy 


- - 
éIO—— d“ ſntnhꝑi Y”O—_S OO —— — << 
* 


we ſhall have mnax=ya*+yacqgþyaqsb; by 
which the curve is known to be an bola. 
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be RQ= Las Lad MR = — * 


& in the femilar triangles N P O, M RN, having 
NO: P O:: NR: MR, the equation will be 524 - 
yca*qtyxbaqznmcax+nmbat. And the —_ 
is Joy + yperbola; and in the caſe of this Fig. 4. 

will be an convex to the plane of the baſe. But * 
BN is negative in the caſe of Fig. 5. the equation, 
retaining the ſame ſymbols, will 4 y a*+yq cat — 
yxabqa=mncax—nmbx*; and the hyperbolic 
curve will be concave towards the baſe. 

6. If the vertical directrix AM is made parallel 
to the plan of the baſe, but the plane paffing thro it 
not parallel to the other Jirearit, then the ſection, 
meeting the _ directrices, will alſo -be the fame 
curve. Fig. 6. 

For in this caſe the line MR is a conſtant quan- 
tity; and therefore, if the common ſection a R of 
the plane thro the vertical A M, with the baſe, meet 
a D parallel to N R in a, other being as before, 
making MR=m, and Da=a; from the ana 
NO: BO NR: MR in the triangles N OP, MRN, 


And in all thoſe ſections, where the common 
interſection of the plane, paſſing thro' the vertical 
with the baſe, is not parallel to the other directrix, 
the curve is an hyperbola. 

7. But now, if we ſuppoſe the common interſec- 
tion AR of the plane paſting thro' the vertical, with 
the baſe, to be parallel to the directrix DN of the 
baſe, and both directrices to be cut by the ſection, 
the curve will be a parabola, Fig. 7. 

For 


1453 
For, in this caſe, the twb lines A R and AQ co- 
incide, and A R is parallel to the directrix DN of 
the baſe; and therefore, uſing the ſame ſymbols as 
above, the equation, from Fig. 4. will be reduced 
to y =nmcax + n “; and from Fig. 5. it 
will come to v =amcax -n x; both which 
ſhew the curve to be a parabola. 

It may alſo be demonſtrated in this manner. It is 
evident, that PO: mr: : POx MR: r MR, that 
is, the ratio of PO to r is equal to that compounded 
of PO: MR, and of MR: nr. But from the ſimi- 
lar triangles MRN, PON, we have PO: MR 


:: NO NR nr, and from the triangles BON, 


Brn, we have BO: Br::NO: ur; therefore PO 
: MR::BO: Br. In like manner, from the equi- 
angular triangles MR A, mr A, there will be MR 
:mr::RA:rA, and from the triangles ROr, ZAR, 
it is RA: A:: OZ: r2; therefore MR: mr: :9z 
: 12. If then in the ratio of PO RM to mr x MR, 
we ſubſtitute the ratio of BO: Br, and of Oz: 72, 
which are equal to PO: MR, and MR: mr, we 
ſhall have PO: mr : : BO. x oz: Br x r ZS; which 
is a known property of the parabola. 

And thus I have endeavoured to extend, a little, 
the theory of the conic ſections. I have here ſhewn 
how two of them may be bad from the ſections of 
this ſolid; and in the year 1733, I publiſhed, in my 
Exercitatio Geometrica, a method of deſcribing all 
of them on a plane, by the moving of three right lines 
about three given points, two of the interſections being 
drawn along two other lines given in poſition ; the 
only hint of which I had from a locus of an ellipfis, in 


the conſtruction of a clock, by the celebrated M. De 


ls 
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la Hire, in the French Memoires for the year 1717, 
intituled, Conſlruction d'une Horologe qui marque le 
vrai tems avec le moyen. 

But now, having briefly confidered the various 
ſections of this ſolid, the directrix DN of the baſe 
being a right line, let us next ſee what they are when 
it is a curve line of any order. And becauſe there are 
an infinite number of caſes, it will be ſufficient to 
mention a few of them, when that directrix is a conic 
ſection or circle, and then to give a general propoſi- 
tion when it is any higher geometrical curve. 

8. If the directrix DN of the baſe be a parabola, 
having a diameter parallel to the interſection AR of 
the plane, paſſing through the vertical A, and both 
directrices be cut by the ſection, the curve BP will be 
a line of the fourth order. Fig. 8. 

Let the diameter be D L n, the ordinate N, and 
the equation of the parabola u* = zp, and make the 
moving plan MN R to paſs through the ordinate N, 
and the ſection to interſeEt the baſe in BO, and the 
diameter in E. From the points B and D draw BL 
and DC, parallel to N O, and meeting the lines AR 
and D in C and L. Then ſuppoſe A R: RM:: 
: n, and BO: LA: :a: n, AC c, DCS d, BL 
=, DL =/, BE Se, Nn u, Dn =2, the ab- 
ſciſſe BO= x, the ordinate PO = y; and we have 


nx bY x — e 


LAS — 1, NO = — —— MR = — 
— mea+mal+nxm BUS Pe OR apl+ pn But Gr 
| a* 4 : 

the ſimilar triangles NPO and NMR we have this 

proportion NO:PO::NR: MR, which gives the. 


4 nation bx—beXmca + mal n mM — d y ace 
L je —mcae —male —nmxe 


— 


— 
— > 


1 
For, in this caſe, the two lines AR and A Q co- 
incide, and A R is parallel to the directrix DN of 


the baſe; and therefore, uſing the ſame ſymbols as 
above, the equation, from Fig. 4. will be reduced 
to yat=nmcax+nmbx*; and from Fig. 5. it will 
come to ya#=2mcax—namba*; both which ſhew 
the curve to be a parabola. 

It may alſo be demonſtrated in this manner. It is 
evident, that PO:mr::POxXMR:mrxMR, that 
is, the ratio of PO to m is equal to that compound- 
ed of PO: MR, and of MR: nr. But from the 
fimilar triangles M RN, PON, we have PO: MR 
: NO: NR x, and from the triangles BON, 
Br n, we have BO: Br: : NO: ar; therefore PO: 
MR:: BO: Br. In like manner, from the equi- 
angular triangles M R A, m 7 A, there will be 
MR:mz::RA:7A, and from the triangles R O 7, 
Z AR, it is RA;rA:;:O02:72; therefore MR: 
m7::02:72. If then in the ratio of PO x RM 
to mrx MR, we ſubſtitute the ratio of BO: Be, 
and of OZ: 12, which are equal to PO: MR, 
and MR: ar, we ſhall have PO: dr: BO x0z: 
Brxz72; which is a known property of the pa- 
rabola. g 


the Theory of the conic ſections. I have here ſhewn 
how two of them may be had from the ſections 


of this ſolid; and in the year 1733, I publiſhed, 
in my Exercitatio Geometrica, a method of deſcrib- 
ing all of them on a plane, by the moving of three 


right lines about three given points, two of the inter- 
ſoctions being drawn along two other lines given in 


poſition ; the only hint of which I had from a geome- 
tric 


And thus I have endeavoured to extend, a little, 
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moving plan MN R to paſs thro the ordinate NA, 
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tric locus, in the conſtruction of a clock, by the 
eckebraed M. De la Hire, in the French . Memorres 


for the year 1717, intituled, Conftruftion d une Ho- 
 rologe qui marque le vrai tems avec le moyen. 


Having now briefly conſidered the various ſections 
of this ſolid, the directrix DN of the baſe being a 
right line, let us next ſee what they are when it is a 
curve line of any order. But becauſe there are an 


infinite number of caſes, it will be ſufficient to men- 


tion a few of them, when that directrix is a conic 
ſection or circle, and then to give a general a 
tion when it is any higher geometrical curve. 

8. If the directrix DN of the baſe be a parabola, 
having a diameter parallel to the interſection A R of 
the plane, paſſing thro' the vertical A, and other 
things being as before, the ſection BP will be a line 
of the third order. Fig. 8. 

Let the diameter be DL 7, the cells N n, and 
the equation of the parabola u*=zp, and make the 


and the ſection to interſect the baſe in BO, and the 
diameter in E. From the points B and D draw BL 


and DC, parallel to NO, and meeting the lines 


AR and Du in C and L. Then ſuppoſe AR: RM 
1:4: , and BO: LA: :: 2, AC c, DC=d, BL 
b, D L=/, B Ee, N n=u, D, the abſcifle 


B Ox, the ordinate P  O=y; a we have L n=z 


— 12 — no 2 MR = — 


mca -n alu 3 211er. But 


ar 


from the fimilar triangles N P O and N MR. we have 


this proportion NO: PO: : NR: MR, which gives 
the 


» ** © , „ „% 
| , %% „% *S 


— =/* epi 5 PZ". and this being reduced, ſhews, that 


the ſection P B is a line of the fourth order. But if 
the ſection be made parallel to the vertical, the curve 
will be a line of the third order. 

9. If the directrix DN be a circle, and other things 
being as before, the ſection will be a line of the fourth 
order. Fig. 9. 

Make the center of the circle to be in the line 
DL parallel to AQ, the ordinate to be N n = u, 
the abſciſſe DA = , the radius = 7, and the equa- 
tion 2* = 27 3 — 22. And let the plane pafling 

through the vertical, cut the baſe in AR, and the 
ſection meet the diameter DE in E. Then the ſame 


things being ſuppoſed, and the * retained as 
before, we ſhall have Ln = 2— I= —. 2 2==+ — 


 bx—eb gac+gal+gns 3 
10 — — 5 QR — 7 a 53 MR — 
macÞh+mal+ mnx —— 41 * 


a* 7 2 js 


=; "a the analogy NO: PO::NR:MR 
macþ+ malt mnx be—bx 


will give this equation, 
a e- 
— mack mal + mnx-=- af 2 
a* a* ' 


27 lat 21 1122 — „ nn 241226 4 
* 7 2 : - from 


a* 


which it appears, that the curve BP is a hs of. the 


fourth order. 
And in general it may be ſeen, that if the directrix 


of the baſe be a conic n except in the caſe 
above, the ſection of the ſolid will be a line of the 
fourth order. 

10, IE 
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10. If the vertical be parallel to the baſe, and the 
plane paſſing through it perpendicular, the directrix of 
the baſe being a circle, having its center in the inter- 
ſection AR of the two planes; then the ſolid will be 
the cono-cuneus of the learned Dr. Wallis, and the 
curve ſections of it will be alſo, ſome caſes excepted, 
lines of the fourth order. Fig. 10. 

For, in this caſe, the quantities QR and DC 
will vaniſh, and making MR — m, the equas 
tion, retaining the other ſymbols, will be » _y 
* . TaZTIA - — 2xnla-aF 


2 


eb—xb 


= N X 


a e 
And here it is ſurprifing that the great Doctor, while 
he was conſidering his ſolid, did not fall upon the one 
I have explained ; but indeed, in ſearching after new 
diſcoveries, we are often like thoſe, who, groping in 
the dark, mils the things that are neareſt them. 

11. To conclude, if the directrix DN of the baſe 
be a line of any order 7, the ſection BP will be of 
the order 2 2. Fig. 11. 85 

In the equation of the curve directrix DN 
of the baſe * = Az" BIC + CY == 
+ D2*-343, Sc. make the abſcifle Dn = 2, and 
the ordinate Nu=#; and draw AQ parallel to Du, 
and then, other things being as before, the analogy 
NO:PO::NR:MR will be thus expreſſed, 
1 + == * 15; n + 6+ WEE Lis LE: 
ITI. ; from which we have 2 = 


2 


a 
eb — bxXams + —— , da*y+nqgzy+galy+qyac 
emalemnsxÞmace-aey | mnx + mac—@dy + mal 


And becauſe Dun = 23 = / + —, if we ſubſtitute theſe 
values of #4 and 2, in the above general equation, 


the 
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the 8 en bz —bexmca+m al + numx —dya*s __ 
nn y e —- mea —male—nmae 


u = 2? — and this being reduced, ſhews, 


that the ſition PB is a line of the third order, 

9. If the directrix DN be a circle, and other things 
being as before, the ſection will be a line of the 
fourth order. Fig. 9. 
Make the center of the circle to be in the line 
DL parallel to A Q, the ordinate to be NA = x, 
the abſciſſe D » = z, the radius = 7, and the equa- 
tion 2 2 — =. And let the plane paſſing 
thro' the vertical, cut the baſe in A R, and the ſec- 
tion meet the diameter DK in E. Then the ſame 
things being ſuppoſed, and the ſymbols retained as 


before, we ſhall have Ln=2— == z . 
= gact Cider oh hum M No — 


macmal--mn e 


a* I pe 


u. And the analogy NO: PO: : NR: MR will 
give * equation, mac ICA Se- 


a*® 1 2 + 
NQ mac + mal + mn x — a*y 
| 2 2 
4 — — En x — a* of 

x [377 " T3207 — 2 4 


- from 


which it appears, that the curve BP is a = of the 
fourth order. 

And in general it may be ſeen, that if the direc- 
trix of the baſe be a conic ſection, except in the caſe 
above, the ſection of the ſolid will be a line of the 
fourth order, 


10. 


9 
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To. If the vertical be parallel to the baſe, and the 
plane paſſing thro! it perpendicular, the directrix of 
the baſe being a circle, having its center in the inter- 
ſection A R of the two planes; then the ſolid will be 
the cono-cuneus of the learned Dr. Wallis, and the 
various Curve _— of it will be alſo lines of the 
fourth order. Fig. 1 

In this caſe, the n QR and DC will 
vaniſh, and making MR = n, the equation, 


retaining the other ſymbols, will = m — y 


* a. DAE 


7 Tr Ja . — zr I- 
And here it is ſurprifing that the grea 
he was conſidering his ſolid, did not fall upon the one 
I have explained; but indeed, in ſearching after new 
diſcoveries, we are often like thoſe, who, groping 
in the dark, miſs the things that are neareſt them. 

11. To conclude, if the directrix DN of the baſe 
be a line of any order u, the ſection BP will be of 
the order 2 2. Fig. 11. 

In the equation of the curve directrix D N of the 
baſe Z—=A 2+ B2z"—'u+ C252 ? D 2-3 43 
&c. make the abſciſſe D , and the ordinate 
Nun; and draw A Q parallel to D, and then, 
other things being as before, 3 analogy NO: PO 
:: NR: MR will be thus expreſſed, 2 + 
— 12 4 44 — H-gac , 
from which we ſhall ho; 2 = 


eb —bxxnmsÞmca+ off 6 da*y+n — 


emal+emnx+mace—d*ey hh apt z+ mal * 


And becauſe Da T —_ = if we ſubſtitute theſe 


values of # and 2, in the above general equation, 
8 1 the 
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the line of the ſection BP will appear to be of the 
order 2 u. | 
And now, my Lord, I have given you ſome ge- 
neral propoſitions about the various ſections of this 
ſolid, and I have ſhewn how lines of any order may 
ariſe from them ; which is a new theory, and per- 
haps may introduce to ſomething farther. I have 
other things of this ſort, that relate to what I have 
publiſhed in the Philoſophical Tranſactions, Vol. 39. 
in the year 173 5, which I have had many years by 
me, that I intend to ſend you, if my health, and the 
circumſtances of my life, will allow me to reviſe 


them. And in the mean time, with great reſpect, 
I am, 


My Lord, 
Your Lordſhip's moſt obedient 


and affectionate ſervant, 


Sion College, Dec. 18, Wa. Brakenridge. 
— 


END of PART J. 


oer. LI. 


+ #4 
N 14 
# % 9 


* 


8 
TIT 
= 


. 
+ 


Sw 


— - - 
-- 


— 2 


_— 


* 


